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Abstract: Bladder cancer (BC) is the most common tumor of the urinary system in the world. More-
over, despite using anticancer therapies, BC is also characterized by a high recurrence risk. Among
numerous risk factors, cigarette smoking, occupational exposure to certain aromatic compounds,
and genetic factors contribute most strongly to BC development. However, the epidemiological
data to date suggests that diet quality may influence some carcinogenic factors of BC and, therefore,
might have a preventative effect. Adequate consumption of selected fruits with scientifically proven
properties, including pomegranates and cranberries, can significantly reduce the risk of developing
BC, even in those at risk. Therefore, in this article, we aim to elucidate, using available literature,
the role of fruits, including pomegranates, cranberries, citrus fruits, cactus pears, and apples, in BC
prevention and treatment. Previous data indicate the role of compounds in the above-mentioned
fruits in the modulation of the signaling pathways, including cell proliferation, cell growth, cell
survival, and cell death.
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foods, such as red meat, sugar, and full-fat dairy products, and six foods (fish, whole
grain bread, cabbage, barley, apples and pears, root vegetables) with health benefits [9].
Moreover, numerous studies have shown the beneficial effect of traditional Nordic healthy
food products on preventing BC [10,11].

BC is characterized by a high risk of relapse, accompanied by relatively rapid progres-
sion. Competitive risk regression analysis demonstrated that the 2-year, 5-year, and 10-year
BC recurrence rates were 61.1%, 69.5%, and 74.3%, respectively [12]. Moreover, in more
than 50% of BC cases, the patient reports muscle invasion, followed by metastases to lung
tissues and the liver [13]. Metastases to diverse organs contribute to a poor prognosis, and
the 5-year survival rate of patients with BC is below 60% [13]. Therefore, the diagnosis and
treatment of BC are associated with constant monitoring and repeated clinical interventions
after surgery, making BC treatment far costlier than any other cancer [14]. However, despite
significant advances in conventional treatment techniques, the prognosis for BC patients
is very poor, and the mortality rate is very high [15]. Conventional BC therapy includes
chemotherapy, radiotherapy, and surgery [16]; however, currently, the main obstacle in
chemotherapy is the high resistance and low sensitivity of BC [17]. Unfortunately, in
preclinical studies, many compounds showing effective anticancer properties in fighting
BC have proven ineffective in clinical trials [17]. Therefore, discovering new therapeutic
agents for the treatment and prevention of BC is urgently needed.

Recently, a series of studies have been carried out on the effects of natural products
on preventing many types of cancers [18,19]. The 2010 Dietary Guidelines for Americans
encourage increased fruit intake as part of a healthy dietary pattern [20]. In turn, the World
Health Organization (WHO) recommends 400 g (equivalent to five portions) of fruits and
vegetables in a daily diet. According to WHO data, fruit should include fresh, frozen,
cooked, canned, or dried fruits, excluding fruit juices and salted or pickled fruits. In turn,
vegetables in a diet should include fresh, frozen, cooked, canned, or dried vegetables,
excluding legumes and salted or pickled vegetables, juices, nuts, seeds, and starchy veg-
etables such as potatoes or corn. Such consumption of fruits and vegetables prevents the
development of non-communicable diseases (including diabetes, heart disease, strokes, and
cancer) and prevents and mitigates the deficiencies of several micronutrients. Epidemiolog-
ical data to date has shown that insufficient consumption of fruit and vegetables causes 14%
of deaths from gastrointestinal cancer worldwide, about 11% from ischemic heart disease,
and about 9% of deaths from strokes [21,22]. Previous epidemiological studies showed an
inverse correlation between fruit/vegetable consumption and BC incidence [18,19]. The
significant role of diet in the combat of urinary bladder carcinogenesis is feasible since most
compounds and their metabolite products are excreted with urine. Thus, it directly interacts
with urothelium cells. Moreover, the concentration of metabolically active compounds is
higher in urine than other body fluids and tissues, thereby including cancer-preventive
components, which may provide desirable anticancer health. Anticancer food ingredients
such as phenols, flavonoids, ellagitannins, tannins, and proanthocyanidin are contained in
the highest concentration in apples, pomegranates, citrus fruits, cranberry, and cactus pears.
A sufficiently high supply of these natural compounds may turn out to be effective in the
prevention of BC. Therefore, in this publication, we want to clarify, using the available
literature, the role of fruits, including pomegranates, cranberry, citrus fruits, cactus pears,
and apples in anti-BC defense.

2. Pomegranate
2.1. Pomegranate—Basic Information

Pomegranate (Punica granatum L.) is an edible fruit widely grown in Mediterranean
countries, northern India, northern/southern America, Europe, and even in Taiwan,
mainly as gardening trees [23]. Pomegranate fruits consist of white to dark purple ed-
ible seeds embedded in a white spongy astringent membrane surrounded by a thick
reddish skin or pericarp. Peel makes up almost 50% of the fruit weight and it is a rich
source of bioactive ingredients, including phenols, ellagitannins, flavonoids and proan-
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thocyanidins. It also comprises several minerals, mainly potassium (K), calcium (Ca),
phosphorus (P), magnesium (Mg), sodium (Na), and nitrogen (N), as well as complex
polysaccharides [24,25]. The remaining 50% of pomegranates are seeds (constituting 10%
of the mass of the fruit) and warp (constituting 40% of fruit mass) [24]. Pomegranates
are characterized by strong anti-inflammatory and antioxidant properties due to the high
content of hydrolyzable tannins (munialin, pedunculagin, yanidin-3-glucoside) [26,27].
Various organic acids, including citric acid, ascorbic acid, and malic acid, are also present
in the seed coat [24], while matrices contain water, pectin, and sugars, mainly fructose
and glucose. Pomegranate leaves contain several unique tannins, in addition to apigenin
glycosides, i.e., flavone with progestogenic and anxiolytic properties [28,29]. Leaves are
also a rich source of elements such as N, K, Ca, and iron (Fe), the levels of which vary
depending on the season, stage, and maturity of the plant [30]. For example, it has been
reported that the K content is high in young leaves, while Ca and Fe levels are the highest
in old ones. Thanks to this richness of various compounds, the pomegranate exhibits
pro-health action, including anticancer properties by inhibition of cell proliferation, cell
cycle arrest, and activation of apoptosis [30,31]. Since ancient times, the pomegranate
has been used to treat diarrhea [32], parasitic infections [33], and diabetes [34]. Previous
results confirm that various parts of this plant, such as the peel, flower, and seeds, have
antidiabetic properties. Although the mechanism of the ability of pomegranate extracts to
lower blood glucose is not known, the obtained results suggest the role of pomegranate
seeds and flower extracts in an increased peripheral glucose utilization inhibition of the
proximal tubular reabsorption mechanism for glucose in kidneys [34]. Greco-Arab and
Islamic medicine have prescribed the pomegranate for sore throats, inflammation, and
rheumatism [35]. Due to the high content of triacylglycerols and lignin in pomegranate
seeds, the oil obtained from them has antioxidant properties and, therefore, has been used
to alleviate inflammation. Similarly, pomegranate juice has a strong anti-inflammatory
effect due to the abundance of compounds such as tannins and flavonoids in folk medicine;
after boiling and drying them, pomegranate peels have been used in the local treatment
of aphthas as well as in the treatment of diarrhea [35]. Pomegranate’s multifaceted ac-
tivities (anti-inflammatory, antioxidant, and anticancer) have prompted more and more
research into its use in solving many medical problems [30]. Previous studies confirmed
that pomegranate juice might be used in prostate cancer prevention. Men with a high level
of prostate-specific antigen (PSA) following surgery or radiation, after using a pomegranate
juice-supplemented diet, were characterized by decreased PSA concentration compared
with men with a non-supplemented diet. Animal studies also confirm the anticancer
properties of pomegranate peel and seeds [30].

Any substance introduced into the body can cause side effects. However, in the
case of pomegranate ingredients, in vitro and animal studies did not confirm any ad-
verse effects at the doses tested. Consequently, in a study of 86 patients who received
1420 mg/day of pomegranate extract tablets for 28 days, no side effects or adverse changes
in the urine or blood of the study participants were reported [36,37]. However, the con-
sumption of pomegranate may affect the oral bioavailability of drugs [38]. The analysis
showed an inhibitory effect of pomegranate juice on CYP2CP in liver cells (a gene that
codes for an enzyme that breaks down warfarin in the body) and an increased bioavail-
ability of tolbutamide (a CYP2CP substrate). In addition, it has been suggested that
pomegranate may inhibit the cytochrome P450-3A4 (CYP3A4)-mediated metabolism of
carbamazepine. [36,39,40]. CYP2CP and CYP3A4 belong to the group of enzymes that func-
tion as monooxygenases. These enzymes oxidize various compounds, including steroids,
fatty acids, and xenobiotics (e.g., drugs), and thus play an important role in the clearance
of toxicity compounds [36,39,40].

2.2. Pomegranate in Bladder Cancer Prevention

Most of the results to date confirming the anticancer effect of pomegranates have been
obtained in in vitro studies. These studies focus primarily on identifying the molecular
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mechanisms of the anticancer activity of pomegranate ingredients, including angiogen-
esis, apoptosis, and cell cycle arrest. Moreover, due to their various compositions, the
individual components of the fruit may differ in the action specificity. Chang et al. found
that the ethanol extract of pomegranate peel exhibited better inhibitory activity to the
growth of human urinary bladder urothelial carcinoma T24 and J82 cells than the pulp
extract [23]. Moreover, among studied fractions, the extract from pomegranate peels,
labeled as the PEPE2 fraction, showed the highest inhibitory activity against urinary blad-
der urothelial carcinoma cells along with the least influence on normal-like urothelial E7
cells. This fraction was also attributed to the apoptosis of the urinary bladder urothelial
carcinoma cell-mediated by death receptors, mitochondria, and endoplasmic reticulum.
Furthermore, the result of the in vitro study had been confirmed in an in vivo study. The
xenograft-induced bladder tumor in nude mice demonstrated that the oral consumption
of the PEPE2 fraction (2, 5, 10, and 100 mg/kg) could decrease the volume and weight of
T24 tumors and cause cell apoptosis in the xenografted tumors [23]. Similarly, Lee et al.
showed that the edible portion of Taiwanese pomegranate fruit ethanol extract effectively
inhibited the proliferation and induced apoptosis of urinary bladder urothelial carcinoma
cells (lines T24 and J82) [41]. Moreover, the cell cycle analysis reported that the studied
pomegranate ethanol extract might cause an increase in the cyclin A protein level and
reduce the cyclin-dependent kinase 1 expression, finally leading to S phase arrest [41].
Moreover, the treatment of urinary bladder urothelial carcinoma cells (T24 and J82 cell
lines) with pomegranate extract increased the expression of profilin 1 to increase the ex-
pression of the PTEN (phosphatase and tensin homolog) gene, which, in turn, may inhibit
the Akt/mTORC1 (phosphoinositide 3-kinase/mammalian target of rapamycin complex
1) signaling pathway to prevent the proliferation/migration of urothelial BC cells. PTEN
protein dephosphorylates phosphatidylinositol-3,4,5-triphosphate. This dephosphorylation
inhibits the activity of the Akt protein and, thus, the Akt signaling pathway, which plays
a key role in protein synthesis, metabolism, and cell proliferation [42]. While the active
form of Akt can phosphorylate tuberin/TSC2 and thus induce the mTORC1 complex,
mTORC1 can promote cell growth under favorable conditions or catabolic processes under
unfavorable conditions [43]. Blocking the mTORC1 pathway prevents the synthesis of
proteins incompatible with the progression of the cell cycle, which additionally enhances
the cell cycle arrest.

A subsequent in vitro study showed that pomegranate ethanol extract treatment could
restrict urinary bladder urothelial carcinoma cell (lines T24 and J82) proliferation and migra-
tion. The proteomic analysis detected the de-regulated expression of 20 proteins involved in
apoptosis (BCL10, Diablo, el[F5A, NDUFAF1, UBQLN1, XIAP, and BAG2), cell proliferation
(PSMF1, PEN1 (pefin), TPD52L2), DNA metabolism (UBQLN1), and proteasome (UBQLN1,
PSMD9, PSMF1). Among studied proteins, levels of pro-apoptotic proteins were increased
after pomegranate extract treatment of cells in both T24 and J82 lines. BCL10 is an apoptotic
regulatory protein involved in the Apafl/caspase 9-mediated cell death pathway [44].
elF5A (eukaryotic translation initiation factor 5A) is a pro-apoptotic protein occurring
exclusively during apoptosis [45]. In turn, TPD52L2 is involved in signal-regulating kinase
1 (ASK1)-induced apoptosis [46]. A PEN1 (a Ca?*-binding protein that belongs to the penta-
EF hand protein family) can regulate Fas-executed apoptosis [47]. The apoptotic inhibitory
function of XIAP (X-linked inhibitor of apoptosis protein) can be abolished by Smac/Diablo
and Omi/HtrA2 proteins released from mitochondria along with cytochrome ¢ (Cyt c).
BAG2 (BCL2-associated athanogene 2) is also a pro-apoptotic protein that is upregulated in
proteasome inhibitor-induced apoptosis [48]. Moreover, pomegranate ethanol extract may
modify the expressions of several genes associated with 265 proteasome action (PSMDJ,
UBQLN1, PSMF1). The high proteasomal activity is important in carcinogenesis since it
may contribute to tumorigenesis by antiapoptotic protection and result in a survival ad-
vantage [49]. Pomegranate extract increased the expression of PSMF1/P131 while reducing
the expression of NF-xB (nuclear factor kappa-light-chain-enhancer of activated B-cells)
in vitro. PSMF1/PI31 can bind to the 20S catalytic molecule of the 26S proteasome, making



Nutrients 2022, 14, 1132

50f21

it difficult for the substrate to access the enzyme core and thus inhibiting the activity of the
proteasomes [50]. Suppression of proteasome activity may prevent the degradation of IkB
(endogenous NF-«B inhibitor) and the subsequent activation/translocation of NF-«kB into
the nucleus [51]. NF-«B plays an important role in the oncogenesis of many types of cancers
by promoting cell proliferation, migration, and suppression of apoptosis [52]. Therefore,
the effect of pomegranate extract on NF-«kB inhibits cell proliferation and migration and
contributes to the induction of apoptosis, preventing the development and progression of
BC. To sum up, the undoubted advantage of pomegranate extract is its ability to induce
apoptosis through multiple pathways. As a result, the end signal of apoptosis activation is
strongly amplified.

Interestingly, an in vitro study indicated that exposure of BC cells to the edible portion
of pomegranate ethanol extract might result in impaired aerobic glycolysis via the induction
of the NDUFAF1 expression increase [53]. NDUFAF]I is a chaperone involved in the
construction of the mitochondrial NADH complex: ubiquinone oxidoreductase (complex
I), which transfers an electron from NADH to ubiquinone (coenzyme Q) in the first stage of
the mitochondrial respiratory chain [54]. Cancer cells multiply very quickly and depend
on high metabolic activity. To meet their high energy requirements, cancer cells use oxygen
glycolysis to acquire energy from glucose (Warburg effect). Increasing NDUFAF1 expression
blocks the efficiency of glycolysis and thus reduces energy production, thereby inducing
apoptosis of cancer cells [55].

The anticancer properties of pomegranate have also been confirmed by Sun and
colleagues [56]. A 72-hour exposure to the extract from dried Punica granatum plant material
decreased the viabilities of HT-1197 and RT4 BC cells in a concentration-based manner. It
also efficiently inhibited the growth of colonies compared to untreated cells. Moreover, the
studied extract caused decreased miR-10b expression in both HT-1197 and RT#4 cells [56].
miR-10b showed an oncogenic role in several types of cancers, including breast, gastric,
colorectal, and laryngeal cancers [57]. Moreover, in the cancer course, including glioma,
colon, ovary, and gastric cancer, it has been observed that there is a decreased expression of
HOXD10, which has been identified as a target for miR-10b. In turn, Punica granatum extract
exposure (dried Punica granatum plant material) of HT-1197 and RT4 cells reduced miR-10b
expression and consequently increased HOXD10 protein and mRNA levels. Therefore, the
exposition of Punica granatum extract suppressed migration ability relative to the control
of extract-untreated cells [56]. Some results also suggest that the upregulation of miR-10b
expression elevates the migration potential and invasive properties of bladder carcinoma
cells [58]; thus, pomegranate extract treatment has the potential to inhibit the development
and progression of BC.

As mentioned above, edible seeds are not the only sources of health-promoting com-
pounds. Zeng and colleagues showed that the main compounds of pomegranate peel,
characterized by good anticancer activity, were tannins [59]. The key tannin of the extract
obtained was gallic acid. An in vitro study confirmed that gallic acid showed significantly
higher inhibition of T24 cell viability among pomegranate peel tannins than the other
three monomers (punicalagin, punicalin, ellagic acid). Moreover, a comparative analysis
of the effectiveness of gallic acid and 5-fluorouracil showed that gallic acid significantly
reduced cell viability, especially after 24 and 48 hours of exposure [59]. 5-fluorouracil is a
common anticancer drug that can interfere with DNA synthesis by acting primarily on the
S phase of the cell cycle and is also a chemotherapeutic drug for bladder irrigation after
surgery [60]. In turn, analyses of gallic acid mechanism action showed that this compound
influenced the morphology of T24 cells, inhibited cell proliferation, blocked the S-phase
cell cycle, and induced cell apoptosis, mainly in the early stages [59]. Subsequent studies
confirmed Zeng’s results that T24 cells, after exposure to gallic acid, were characterized by
elevated mitochondrial ROS (reactive oxygen species) levels and lowered mitochondrial
membrane potential. Moreover, after treatment with gallic acid, the expression level of
Bax (BCL2-associated X protein), p53, caspase-3, and Cyt c proteins, as well as genes, was
significantly increased. At the same time, BCL2 (B-cell CLL/lymphoma 2) significantly
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decreased. The p53 protein can increase the expression of the pro-apoptotic protein Bax
and decrease the expression of the antiapoptotic protein BCL2 and trigger apoptosis via the
mitochondrial pathway [61]. In turn, Cyt c is often released from mitochondria during the
early stages of apoptosis and can thus enhance apoptosis signaling as well as directly regu-
late apoptosis. Caspase-3, called the death protease, is an effector caspase, which can lead to
chromatin shrinkage, DNA fragmentation, cell lysis, and, finally, cell death [62]. Thus, these
results confirmed that the observed decrease in the cell viability of BC cells after gallic acid
exposure might be a consequence of the induction of mitochondria-dependent apoptosis.

On the other hand, the ability to induce apoptosis is not the only antitumor property
of gallic acid obtained from pomegranates. Tests assessing the ability to migrate and invade
cells showed that gallic acid significantly inhibited the migration and invasion of T24 cells,
accompanied by decreased expression of intracellular VEGF (vascular endothelial growth
factor) protein and lowered secretion of extracellular VEGF [59]. VEGF is the main factor
in stimulating tumor angiogenesis, which can promote the growth of vascular endothe-
lial cells and induce vascular proliferation, which is closely related to tumor progression.
Essential studies have shown that VEGF is linked to metastatic activity and can induce
angiogenesis and promote cancer cell metastasis [63,64]. Therefore, reducing VEGF ex-
pression decreases the tumor’s invasiveness and the ability to form new metastases, thus
preventing tumor progression.

In turn, Zhou et al. analyzed the effect of whole pomegranate peel extract. They
found that the studied extract, containing 27.58 + 4.3% polyphenols, selectively inhibited
the proliferation of human bladder carcinoma EJ cells [65]. Interestingly, the ICs, for EJ
cells treated with pomegranate peel extract was 70 pg/mL, while that of the normal rat
urinary bladder epithelial cells (RUBE cells) was 200 pug/mL. This selectively observed
inhibition of tumor cell proliferation may be a consequence of inducing p53 expression
in BC cells by components of pomegranate peel extract, accompanied by the increase of
miR-34a expression [65]. A previous study confirmed that p53 protein might specifically
activate the miR-34a transcription by binding to responsive elements of miR-34a [66]. In
turn, miR-34a may be engaged in suppressing the undue proliferative activity of human
BC cells [67]. Thus, a low expression of miR34a was relevant to the malignancy and tumor
size in BC patients [68]. Interestingly, in vivo analysis using Balb C nude mice after E]J
xenografts revealed a prominently similar relationship as the in vitro study, confirming that
pomegranate-induction miR-34a inhibits cancer proliferation through p53 activation [65].

The next in vivo study confirmed the beneficial effect of pomegranate juice in reducing
hyperplasia, dysplasia, and invasive neoplasms in the chemically induced (N-butyl-N-(4-
hydroxybutyl)-nitrosamine) BC rat model [69]. Rats with chemically induced BC were
characterized by p53 expression impairment, while pomegranate juice treatment restored a
regular p53 expression. Therefore, pomegranate juice-induced p53 expression may enable
apoptosis activation. In addition to apoptosis, pomegranate juice may reduce oxidative
stress. Animals with N-butyl-N-(4-hydroxybutyl)-nitrosamine-induced BC displayed an
increased malondialdehyde level in bladder tissues. In contrast, catalase, glutathione, and
superoxide dismutase levels lowered in the cancer-induced group compared to control rats.
However, pomegranate juice oral administration restored the normal status of oxidative
stress markers [69]. Thus, the anticancer activity of pomegranate juice is also due to its high
antioxidant activity [70]. Furthermore, it is noteworthy that previous results confirmed
that the antioxidant activity of the whole extract was more effective than its individual
components. This can confirm a synergistic action between all biogenic compounds in
the pomegranate extract. [71]. Therefore, the use of pomegranate juice is preferable to its
ingredients separately. Mortada and colleagues also demonstrated the anti-inflammatory
activity of pomegranate juice [69]. Rats with chemically induced BC were characterized by
increased expression of IL-6 (interleukin 6), TNF-a (tumor necrosis factor-alpha), and HIF-1
(hypoxia-inducible factor-1) in bladder tissues [69]. IL-6 and TNF-¢ are proinflammatory
cytokines playing a crucial role in carcinogenesis [72]. A high IL-6 level provides an
apoptosis inactivation and induces proliferation of cancer cells, while TNF-« plays a key
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¢ induction of the apoptosis of the urinary
bladder urothelial carcinoma cell-mediated
by:

+¢ reduction of the hyperplasia, dysplasia

death receptors,
mitochondria,
endoplasmic reticulum

% inhibition of the migration and invasion

role in necrosis, invasion, and angiogenesis [72,73]. In turn, a HIF-1 overexpression carries
an increase in the expression of VEGF and bFGF (basic fibroblast growth factor), which
inhibits apoptosis and induces angiogenesis. An in vivo study showed that BC rats, after
pomegranate juice administration, showed reduced IL-6, TNF-«, and HIF-1 expression
compared to BC animals. However, this level remained higher than the normal controls.
Therefore, this decreased expression in the BC group after pomegranate juice contributes to
angiogenesis suppression and may finally induce cancer cells apoptosis. Thus, pomegranate
juice may be effective in BC prevention and treatment [69].

Summarizing the research on the anticancer potential of pomegranate, it should
be emphasized that it is impossible to clearly indicate which of the tested products (ex-
tracts from the peel, dried plant, fruit extracts, or pomegranate juice) shows the strongest
anticancer effect. The comparative analyses to date have concerned only pomegranate
peel and fruit extracts, and the obtained results suggest a higher anticancer activity of
pomegranate peel extracts. Moreover, pomegranate peel extracts seem more promising
in clinical applications because they are characterized by a high selectivity of action only
against tumor-altered cells. However, research by Lee et al. and Chang et al. are the
only comparative studies [23,41]. Moreover, most of the analyses were performed to focus
on different mechanisms of action of the tested extracts, which ultimately determine the
anticancer activity of the pomegranate. The studies by Lansky and colleagues are also note-
worthy, which indicate a stronger synergistic effect of extracts from the peel of pomegranate
fruit than the individual bioactive ingredients of the studied extracts [30]. Nevertheless,
there is a justified necessity to conduct further research, which will allow the systemization
of the results of research so far. A summary of the anticancer effects and mechanisms of
pomegranate action is presented in Figure 1.

% induction of S phase arrest via ** inhibition of BC cells proliferation via:
an increase cyclin A protein level and * induction of p33 expression,
reduction of the cyclin-dependent kinase * increase of miR-34a expression

1 expression

¢ reduction of the volume and weight of
X A BC tumors
and invasive neoplasms
+* restoration of the normal status of
oxidative stress markers, such as:
* an increase of the malondialdehyde
level in bladder tissues,
* A reduction of the -catalase,
glutathione and superoxide
dismutase levels in BC cells

¢+ impairment of aerobic glycolysis via

of BC cells via a decrease of VEGF induction an increase of NDUFAF1

protein expression

expression
¢ down-regulation migration potential % modulation of the immune system
and invasive property of BC cells via by reduced /L-6 and TNF-a expression

reduced miR-10b

Figure 1. The summary of anticancer effects and mechanisms of pomegranate action.
Pomegranate may modulate numerous signaling pathways, including angiogenesis [59], immune
response [69], cell proliferation [41], glycolysis [53-55], and cell cycle [59,60] as well as apoptosis
[23,41,42,47,48,51,53,54,61,62,69,71].

3. Cranberry
3.1. Cranberry—aBasic Information

Cranberry (Vaccinium macrocarpon Ait. (Ericaceae)) is a native plant of North America
that is closely related to lowbush blueberry (Vaccinium macrocarpon Ait. (Ericaceae)), high-
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bush blueberry (V. myrtillus L.), bilberry (V. myrtillus L.), and lingonberry (V. vitis-idaea
L.) [74]. Cranberry berries have a pink, red, or dark red color, have a strong sour taste,
and may be pear-shaped or ovate, round, oval, flattened, or cylindrical. Cranberry mainly
consists of water, organic acids (including salicylate), fructose, vitamin C, flavonoids, antho-
cyanidins, catechins, and triterpenoids [75]. Base cranberry anthocyanins are galactosides
and arabinosides of cyanidin and peonidin [76,77], while approximately 75% of the cran-
berry flavanols are quercetin glycosides (quercetin 3-O-galactoside) [77]. The flavan-3-ols
in cranberries are mostly aglycones of catechin and epicatechin. Oligomeric-polymerized
tannins composed of successive flavan-3-ol monomeric units also occur in cranberries [77].
A recent study confirmed likewise the presence of some phenolic acid derivatives in cran-
berries, mainly hydroxycinnamic acid (HCA) and hydroxybenzoic acid (HBA) [77,78].
Iridoid glycosides contained in cranberries are constituents responsible for their taste.
Moreover, vaccinium berries contain anthocyanidins and proanthocyanidins (PAC), respon-
sible for the defense against microbes [75,79]. Previous studies have confirmed that the
variety of compounds in cranberries has many health benefits, such as protection against
lipoprotein oxidation, prevention of bacterial adhesion in urinary tract infections (UTIs) of
Escherichia coli and stomach ulcers, and in vitro anticancer activity. Moreover, flavonoids
and anthocyanins from the extracts of cranberry fruits have been identified as significant
antioxidants [74].

In addition to the many proven beneficial effects of cranberries, its excessive consump-
tion may adversely affect the body, especially in people taking medications. In vitro and
in vivo studies confirm that, like grapefruit juice, cranberry juice can inhibit cytochromes
P450 (CYP3A4 and CYP2C9 enzymes), and a glycoprotein P transporter is related to drug
metabolism. P-glycoprotein is expressed in epithelial cells related to the drug’s absorption
and distribution, e.g., in the tubular membrane of hepatocytes, proximal renal tubules,
intestinal mucosa, and brain capillaries [80]. Thus, the knowledge of the drug-cranberry
interaction starts, especially in the case of therapy with warfarin (an anticoagulant drug,
the so-called vitamin K antagonist). Consumption of large amounts of cranberry juice
(1-2 liters per day) or concentrate (1000 mg per day) for a long time (>3-4 weeks) can
be correlated with changed INR values [81]. In addition, consuming cranberry juice is
not recommended for people with urolithiasis. Consuming large amounts of cranberry
juice (1 L/day) reduces urinary pH through decreased urinary uric acid, retarding urate
synthesis. Therefore, cranberry juice intake increases the risk of calcium oxalate and uric
acid stone formation but decreases the risk of brushite stones [82].

3.2. Cranberry in Bladder Cancer Prevention

A previous study confirmed that cranberry juice shows potential beneficial effects in
UTI prevention. Howell and Foxman found that a cranberry juice cocktail prevented the
adhesion of 80% of non-resistant isolates of fimbriated E. coli strains and 79% of antibiotic-
resistant isolates in vitro [83]. Subsequent studies indicated the potential mechanism of
action of cranberry on the bacteria, causing UTIs. UTIs are caused mainly by E. coli
bacteria, whose pathogenicity is primarily due to the ability of fimbriae to adhere to
the urinary epithelium cells. The cranberry hypothesis assumes that its components—
proanthocyanidins and fructose—inhibit the adherence of fimbria to epithelial cells, thus
preventing infection [84]. Due to the promising results of in vitro studies, in vivo studies
were undertaken. However, clinical trials have shown that cranberry juice is ineffective in
treating UTIs [79,85]. On the other hand, several studies have confirmed the effectiveness
of cranberry in the prevention of UTlIs, especially with recurrent infections, including
cystitis [86]. The ability of cranberry extracts to prevent urinary tract infections can be used
as an adjunct to radical pelvic radiotherapy in patients with bladder and cervical cancer.
In addition to frequent urination, cystitis is the most common side effect of radical pelvic
radiotherapy. Twice daily (morning and evening) use of cranberry juice in patients during
radiotherapy and for two weeks after treatment (6 weeks total) resulted in a reduction in
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the incidence of severe urinary symptoms or urinary tract infections (82.5%) compared to
the control group (89.3%) [87].

Positive results in the use of cranberries in the prevention of UlTs, including cystitis,
contributed to further research on extending the prophylactic use of cranberries in urinary
tract cancers. The main ingredients of cranberries are flavonoids, including quercetin.
An in vitro study, including a panel of human bladder tumor cell lines (RT4, SCABER,
and SW-780) and non-tumorigenic immortalized human uroepithelial cells (SV-HUCs),
showed that quercetin 3-O-glucoside, isorhamnetin 3 -O-methylquercetin), myricetin, and
quercetin were characterized by strong concentration-dependent cell growth inhibitory
activities in BC cells, with ICs( values in a range of 8-92 pM [88]. Interestingly, isorhamnetin
and myricetin showed deficient inhibitory activity against non-cancerous SV-HUC cells
even at very high concentrations (>200 uM) compared with BC cells, indicating their
cytotoxicity is selective for cancer cells. This selective cytotoxicity gives these compounds a
potent therapeutic and preventive potential for BC [88]. On the other hand, the anticancer
properties of cranberry may be a result of impaired angiogenesis by inhibition of VEGF-
related vascularization, therefore preventing tumor growth [89]. Roy and colleagues
found that cranberry extract significantly inhibited both H,O, as well as TNF-induced
VEGEF expression in vitro [89]. However, these studies were performed on the human
keratinocytes but not on bladder cells; therefore, further studies are needed [89].

The chemopreventive efficacy of cranberry juice concentrate has been confirmed in
an animal study of Fischer-344 female rats with chemically induced (using N-butyl-N-(4-
hydroxybutyl)-nitrosamine) urinary BCs. The animals were administered juice in two doses
of 1.0 or 0.5 mL/rat/day, beginning one week after the final N-butyl-N-(4-hydroxybutyl)-
nitrosamine treatment and continuing for six months (until the end of the study). LC-MS
and MS/MS analysis confirmed that the cranberry juice concentrate contained the main
flavonoids and anthocyanins, existing in conjugated form with various sugars (pentose
and hexoxides). These conjugated forms significantly influence their bioavailability and
absorption. The cranberry treatment at dose 1.0 mL/rat/day caused a 38% reduction in the
cancer numbers compared to the control group that received water, while 0.5 mL/day dose
caused a non-significant decrease of only 7%. Moreover, cranberry concentrate therapy led
to a reduction in the weight of the bladders by 31% at the high dose and 5% at the low dose,
indicating a decrease in tumor size and suggesting a decreased cell proliferation. Thus, these
results suggest that cranberry juice concentrate may be inhibiting urinary BCs by blocking
cell proliferation [90]. Additional LC-MS/MS analysis of plasma and urine showed that
quercetin and its methylated derivative, as main flavonolignans of cranberry juice, were
detected in the urine samples while not reported in the serum samples, indicating its poor
bioavailability. On the other hand, the highest level of cranberry components in urine
compared to other body fluids indicates their selective action on urothelial cells [90]. A
summary of anticancer effects and mechanisms of cranberry action is presented in Figure 2.

% decrease of the tumor size and cell proliferation

¢ impairment of the angiogenesis by VEGF inhibition

¢+ growth inhibition of BC cells and selective
cytotoxicity for cancer cells

+¢ prevention of urinary tract infections, especially

with recurrent infections

Figure 2. The summary of anticancer effects and mechanisms of cranberry action. Cranberry may
modulate numerous signaling pathways, including angiogenesis [89], growth and proliferation [89],
and inflammation [79,83-87].
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4. Citrus
4.1. Citrus—Basic Information

Citrus fruits (Rutaceae family) with 100 million tons of production per season comprise
the largest fruit sector worldwide. Citrus fruits such as oranges, lemons, grapefruits, pome-
los, and limes are widely grown [91]. Citrus fruits contain many valuable components,
such as sugars, dietary fiber, folic acid, potassium, magnesium, copper, calcium, niacin,
vitamin B6, thiamine, phosphorus, riboflavin, pantothenic acid, and ascorbic acid (vitamin
C) [92]. Moreover, citrus fruits are a rich source of phytochemicals that do not necessarily
serve the survival of plants but represent pharmacological activity. The phytochemicals
found in citrus are flavonoids, alkaloids, coumarins, limonoids, carotenoids, phenol acids,
and essential oils. These active secondary metabolites show several health benefits, in-
cluding antioxidative, anti-inflammatory, anticancer, cardiovascular protective effects, and
neuroprotective effects [93]. Interestingly, citrus has been used as medicine in China, Japan,
and Korea. Nine traditional Chinese medicines containing six species of citrus (C. reticulata
Blanco, C. medica L. var. sarcodactylis Swingle, C. medica L., C. wilsonii Tanaka, Citrus auran-
tium L., and C. sinensis (L.) Osbeck) have been registered in the Chinese Pharmacopoeia for
appropriate medical use [93].

As with the consumption of pomegranate and cranberry, the consumption of citrus is
associated with no side effects. However, citrus may alter the pharmacokinetics of used
drugs. The effect of citrus (mainly grapefruit juice) is related to the reduction of intestinal
CYP3A4 activity as well as the inhibition of the P-glycoprotein transporter. Thus, citrus
juice may increase the oral bioavailability of drugs, e.g., cyclosporin, that are P-glycoprotein
and CYP3A4 substrates [80].

4.2. Citrus in Bladder Cancer Prevention

Due to its potential anticancer properties, Citrus unshiu Markovich (satsuma citrus),
which belongs to the Rutaceae family, has been very popular in recent decades. It is a
thin-peel citrus originating from Satsuma city (now Kagoshima) on Kyushu island in Japan.
Ahn and colleagues showed that ethanol extract of C. unshiu Markovich peel inhibited
the growth of human BC T24 cells [94]. The antitumor activity of the studied extract is
based on its ability to increase ROS production and the inactivation of the ROS-dependent
PI3K/ Akt pathway in T24 cells, which contributes to apoptosis induction. Subsequent
studies confirmed that T24 cells showed an increase in caspase-8 and -9 activation after
exposure to C. unshiu Markovich extract. The extrinsic pathway is mediated by caspase-§,
whereas the intrinsic pathway can be activated by caspase-9. Thus, this elevated activation
of both caspases suggests that both external and internal pathways might induce apop-
tosis. Moreover, C. unshiu Markovich-treated T24 cells also demonstrated an enhanced
expression of death-receptor-related proteins, the loss of mitochondrial membrane integrity,
and the increased translocation of Cyt ¢ from mitochondria to the cytoplasm, as well as
an increased expression of Bax. On the other hand, T24 cells after C. unshiu Markovich
treatment were characterized by the reduced expression of BCL2 and IAP (inhibitor of
apoptosis) family proteins (XIAP, cIAP-1, and cIAP2) [94]. BCL2 is a typical antiapop-
totic protein that suppresses this process [95,96], while IAPs selectively bind to caspases
and block apoptosis [97,98]. Subsequent molecular analyses also confirmed the increased
caspase-3 activity and PARP (poly-(ADP-ribose)-polymerase-1) cleavage in T24 cells treated
with the studied extract. Moreover, increased caspase-8 expression may contribute to the
truncation of Bid (BH3 interacting-domain death agonist). In turn, truncated Bid acts as a
linker molecule linking death receptor and mitochondrial-dependent pathways [94]. Thus,
C. unshiu Markovich extract caused an increase of truncated Bid level, which facilitated
caspase-9 activation and, finally, cell death [99,100]. Summarizing the induction of apop-
tosis results, it should be emphasized that the studied extract induced activation of both
intrinsic and extrinsic apoptosis pathways, wherein the extrinsic pathway eventually ampli-
fied the intrinsic pathway through the caspase-8-mediated truncation of Bid. Moreover, the
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extract from C. unshiu Markovich also inhibited PI3K and Akt phosphorylation, enhancing
apoptosis induction [94].

The next in vitro study focused on the anticancer properties of modified citrus pectin
(MCP). MCP was obtained from the peel and flesh of citrus fruit and modified into a
complex, water-soluble, indigestible polysaccharide, processed at high temperature and
pH [101]. Previous studies showed that the main target of MCP is galectin-3, whose
overexpression has been reported in multiple cancer types, including breast, lung, gastric,
liver, and bladder cancers [102-105]. Galectin-3 is an oncogenic protein that is involved in
numerous processes, including cell growth, differentiation and adhesion, RNA splicing,
apoptosis, neoplastic transformation, and metastasis, as well as being the guardian of
the tumor microenvironment, suppressing immune surveillance by killing T-cells and
interfering with NK cell function [106-108]. Thus, previous results suggest that galectin-
3 overexpression is related to high tumor grade and poor survival and is a potential
therapeutic target in human BC patients [109]. Fang et al. found that MCP may inhibit
tumor growth via induction of cell cycle arrest and apoptosis in BC cells in vitro and
in vivo [109]. MCP induced G, /M phase arrest through the downregulation of cyclin Bl
and the phosphorylation of cyclin-dependent kinase 1 (Cdc2). Moreover, both T24 and
J82 cells were characterized by a two-fold increase in caspase-3 activity and exhibited
fragmented nuclei, the main characteristic of apoptosis. Proteome analysis reported that
MCP reduced galectin-3 protein expression. Moreover, MCP-treated BC cells showed
reduced Akt phosphorylation and the associated low phosphorylation of the p-Bad and
p-S6 ribosomal protein. p-Bad is phosphorylated by p-Akt to promote cell survival, while
p-S6 ribosomal protein is phosphorylated by p-Akt to facilitate protein synthesis in cell
cycle progression. However, MCP showed no impact on MAPK (mitogen-activated protein
kinase) signaling, confirming the unchanged level of p-Erk1/2. Importantly, in vitro studies
have been confirmed by in vivo studies. After palpable tumor development, nude mice
injected subcutaneously with T24 cells were treated with MCP (two doses of 350 and
700 mg/kg MCP). Analyses showed that the animals receiving the highest dose of MCP
had the lowest tumor growth and the lowest mass of the excised tumor. According to the
in vitro results, the expression level of galectin-3 protein was also decreased MCP-treated
T24 xenografts. Moreover, Fang et al. showed that the highest-dose MCP treatment caused
a decrease of the proliferative index by 68%, accompanied by a remarkable increase of
the apoptosis index by 30%, as compared to the control group that received a vehicle
(RPMI 1640 medium) [109]. These results confirmed that MCP inhibits carcinogenesis via
galectin-3 inactivation and causes cycle arrest and apoptosis. Therefore, galectin-3 may
be the potential target of cancer therapy if we consider citrus extract as a preventive and
therapeutic agent for bladder cancer.

Another significant compound commonly found in grapefruit and other citrus fruits is
naringin. It is an active flavonoid that has an antioxidant [110] and antiatherosclerotic [111]
effect, as well as antiviral activity [112], and it lowers the level of the cytochrome P450
1A2 protein [113]. Moreover, previous studies have found that an increased naringin
intake is associated with a decreased risk of various cancers, including breast and lung
cancer [114,115]. Kim and colleagues found that naringin may induce a cell growth inhibi-
tion due to p21WAF1-mediated G;-phase cell-cycle arrest via the Ras/Raf/Erk-signaling
pathway in cancer cells [116]. Interestingly, naringin-treated 5637 cells were characterized
by selectively decreased viability and thymidine uptake, while this effect was not observed
in the case of normal fibroblast cells. Molecular analysis confirmed that naringin may
cause cell cycle arrest in the G; phase, which may be accompanied by a decrease in cyclin
D1/cyclin-dependent kinase 4 (CDK4) and cyclin E/CDK2, involved in the progression of
the cell cycle from G; to S phase. Moreover, upregulation of p21WAF1 was observed during
the Gi-phase arrest in 5637 naringin-treated cells. However, naringin did not affect p27 and
P53 expression, suggesting that naringin-induced p21WAF1 accumulation is independent
of the p53 pathway. Moreover, naringin treatment led to the upregulation of Erk, JNK, and
p38 MAPK phosphorylation [116]. The MAPK pathway plays a crucial role in inhibiting
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cell growth [117] and/or regulating the cell cycle [118,119]. Erk pathway stimulation by
naringin may contribute to the induction of cell-cycle inhibitor proteins, e.g., p21WAF1,
causing a suppressed cell-cycle progression. On the other hand, naringin may also induce
the inhibition of cell growth by activating Ras without affecting the level of expression of
this protein. The activated Ras then activates Erk and an increase in p21WAF1 expression,
inhibiting the expression of CDK2 and CDK4, with the consequent arrest of the G; phase
cell cycle [116].

It is notable that a clinical study showed that in the case of patients who consumed cit-
rus 3-4 times/week and daily, the cancer risk was reduced by 11% (RR = 0.89,
95% CI = 0.80-0.9) and 17% (RR = 0.83, 95% CI = 0.73-0.93), respectively. However, in
the case of bladder cancer, the obtained results were not statistically significant [119].
Unfortunately, the results of the epidemiological studies to date regarding the impact
of citrus fruit consumption on the reduction of the risk of bladder development remain
inconclusive [120]. Accordingly, Liang et al. performed a meta-analysis that included eight
case—control studies and six cohort studies [121]. There was a significant inverse associa-
tion between the intake of citrus fruit and BC risk in all pooled studies (RR: 0.85; 95% ClI,
0.76-0.94) and case—control studies (RR: 0.77; 95% CI, 0.64-0.92) but not in the cohort studies
(RR: 0.96; 95% CI, 0.87-1.07). Nevertheless, the meta-analysis shows that the consumption
of citrus significantly reduces the risk of developing multiple BCs [121]. Moreover, the
multi-ethnic cohort study showed that citrus fruit intake was inversely associated with
the risk of invasive BC in women (HR = 0.56, 95% CI = 0.34-0.90) [11,118]. A systematic
review and meta-analysis of eight prospective studies, being a part of the World Cancer
Research/American Institute for Cancer Research Continuous Update Project, aimed to assess
the dose-response relationship between fruit and vegetables and incidence and mortality
of BC. Among studied fruits, citrus was the most effective in reducing BC risk (RR = 0.87,
95% CI = 0.76-0.99) [122]. Analysis of modifiable risk factors for BC prevention showed
that fruits (RR = 0.77, 95% CI = 0.69-0.87), vegetables (RR = 0.83, 95% CI = 0.75-0.92),
citrus fruits (RR = 0.85, 95% CI = 0.76-0.94), and cruciferous vegetables (RR = 0.84,
95% CI = 0.77-0.91) may contribute to reduction of the BC risk [123]. A protective effect
against BC development with citrus fruit consumption was also noted (pooled RR = 0.83,
95% CI = 0.69-1.01) in East Asians [124]. Summing up, the conducted meta-analyses
confirm the beneficial effect of citrus consumption in reducing the risk of bladder cancer
development. A summary of anticancer effects and mechanisms of citrus action is presented
in Figure 3.

+¢ inhibition of the tumor growth via
upregulation of Erk, JNK and p38

** naringin-induced p21WAF1-
mediated G,-phase cell-cycle arrest
via the Ras/Raf/ERK signalling
pathway

+¢ inhibition of the cell proliferation

Figure 3. The summary of the anticancer effects and mechanisms of citrus action. Citrus fruit may
modulate numerous signaling pathways, including apoptosis [94-100], ROS generation [94], growth
and proliferation inhibition [109], and cell cycle [109,116].
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5. Cactus Pear
5.1. Cactus Pear—Basic Information

Cactus pear is a rich source of pectin, carotene, betalains, ascorbic acid, quercetin, and
quercetin derivatives, all of which have antioxidant activity [125]. In Chinese medicine, cac-
tus pear is considered a weak venom used to treat inflammation and pain and a detoxifying
agent for snake bites [126].

Nevertheless, cactus pear extracts should be used with caution, especially those
with hyperglycemia. Previous studies have shown that the cactus pear effectively lowers
blood sugar levels. Therefore, the concomitant use of antihyperglycemic drugs and herbal
remedies containing cactus grass may lead to hypoglycemia [127].

5.2. Cactus Pear in Bladder Cancer Prevention

Since cactus pears are a rich source of antioxidants, they also appear to have anticancer
properties. Zou et al. reported that an aqueous cactus pear extract inhibited the growth of
T24 cells [128]. After cactus pear extract treatment, an elevated apoptosis activation was
observed and an increased cell number in the G1 phase and decreasing cell number in the
Gy and S phases in vitro. Moreover, molecular analysis showed that exposure to cactus
pear extract enhanced the expression of annexin IV and reduced VEGEF levels in neoplastic
cells. Annexin IV is part of the annexin family of calcium-dependent phospholipid-binding
proteins, which regulate cell proliferation, apoptosis, and tumor progression. In turn, as
mentioned above, VEGF is primarily involved in the regulation of angiogenesis during
tumor progression [128]. Thus, blocking these two factors effectively reduces tumor growth,
influencing the formation of new blood vessels and the migration of tumor cells. Another
in vitro study showed that cactus pear extract amplified oxidative stress by increasing
ROS and p16 and RASSF-1A DNA methylation in BC cells. P16 is a cell cycle regulator
that controls the G phase of the cell cycle to the S phase via the inhibition of CDK4 and
CDK®6. RASSF-1A is a tumor suppressor involved in regulating the cell cycle, apoptosis,
and microtubule stability through the regulation of Ras signaling. Therefore, the higher
methylation status of p21 and RASSF-1A contributes to reducing their expression and finally
leads to cell cycle arrest and apoptosis induction. RASSE-1A can inhibit the accumulation
of cyclin D1 and thus induce cell cycle arrest. At the same time, p21 is a potent inhibitor of
cyclin-dependent kinases that directly inhibit the activity of the complexes, cyclin E/CDK2,
and cyclin D/CDK4. Blocking these complexes prevents the cell from entering the S phase
of the cell cycle [129,130]. A summary of anticancer effects and mechanisms of cactus pear
action is presented in Figure 4.

+¢ angiogenesis inhibition via:

s ~eq ° increasing the expression
+¢ increase of ROS generation b R of annexin IV,
// =+ decreasing the expression
g h of VEGF

+¢ inhibition of BC growth

% increase in the number
of cells in the G, phase
and the reduction in the
number of cells in the
G, and S phases.

¢ apoptosis activation

Figure 4. The summary of the anticancer effects and mechanisms of cactus pear action. Cactus
pear may modulate numerous signaling pathways, including apoptosis [129], cell growth [128],
angiogenesis [128], cell cycle [128], and ROS generation [129].
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6. Apple
6.1. Apple—Basic Information

Apples are a rich source of polyphenols, including chlorogenic acid, p-coumaroylquinic
acid, catechin, epicatechin, procyanidins, quercetin-3-O-rutoside, phloretin, floridine, and
anthocyanins (cyanidin-3-O-galactoside), which show antioxidant, anti-inflammatory, and
anticancer properties [131].

Additionally, in the case of apples, possible adverse interactions with oral drugs are
observed. Due to the presence of inhibitors, organic anion-transporting polypeptides
(OATPs) in apple juice inhibit the absorption of drugs in the gastrointestinal tract. OATPs
are a group of membrane transport proteins that facilitate the influx of endogenous and
exogenous substances through biological membranes. OATPs are found in enterocytes
and hepatocytes and the brain and kidneys. Consequently, apple juice reduces the gas-
trointestinal absorption of some antiallergic drugs, antibiotics, antihypertensive drugs and
beta-blockers, and even psychotropic drugs. Therefore, these patients should take their
medication at least 4 hours prior to fruit juice consumption [132].

6.2. Apple in Bladder Cancer Prevention

The antioxidant and anti-inflammatory properties of the compounds present in apples
may also help reduce BC’s development. Kao and colleagues showed that Applephenon®
(AP) might be a potential chemopreventive agent against BC [130,133]. AP is a commercial
product purchased from Asahi Co., Tokyo, Japan, prepared from unripe apples (Malus
pumila cv. Fuji) [134]. Human urinary bladder cancer cells (TSGH-8301) exposed to AP for
24 hours showed morphological changes characteristic of apoptosis, such as membrane
blebbing and nuclear condensation [133]. The induced apoptosis in AP-treated cells is a
consequence of the activation of the mitochondria-dependent pathway. AP exposure re-
sulted in the downregulation of BCL2, upregulation of apoptosis-inducing factor (AIF), and
activation of caspase-3. AIF is a mitochondrial protein that activates apoptosis in a caspase-
independent pathway by inducing chromatin condensation and DNA fragmentation. It is
usually located behind the outer mitochondrial membrane and therefore separated from
the nucleus. However, when the mitochondria are damaged, it migrates into the cytosol
and nucleus [135]. Moreover, a reduction in mitochondrial potential was observed in cells.
Similarly, an in vivo study using mice xenografted with TSGH-8301 confirmed a reduction
in BCL2 expression after AP treatment.

On the other hand, AP showed antiproliferation potential. A 24-h exposure of TSGH-
8301 cells to AP resulted in a significant accumulation of cells in the G, /M phase and
a low in cells with G¢/G; phase accompanied by a decreased Cdc2and cyclin B [133].
Cdc2-cyclin B, also known as CDK1-cyclin B (cyclin-dependent kinase 1), is an element
of the cyclin-dependent kinases complex involved in the cell cycle control; it drives the
onset of mitosis. During the G, phase, the Cdc2-cyclin B complex is kept inactive by the
phosphorylation of Cdc2 by CDK1 inhibitory protein kinases. Until the late phase of G,
dephosphorylation by protein phosphatase of the cell division cycle (Cdc25) activates the
Cdc2-cyclin Bl complex and triggers the initiation of mitosis [136].

Interestingly AP-treated TSGH-8301 cells were characterized by micronucleation and
multinucleation as well as a decreased protein level of a-tubulin. Therefore, these results
suggest that AP may induce mitotic catastrophe. Importantly, BC cells after AP treatment
showed reduced ROS generation. However, the reason for this is still unclear, whether
the reduction in ROS is due to a decrease in cell numbers or a change in the regulation of
internal molecules in a BC cell [133].

An animal BC model (in female Fischer 344 rats, BC was induced by administration of
N-butyl-N-(4-hydroxybutyl) nitrosamine in the drinking water for ten weeks) confirmed
that AP could decrease the tumor progression. Moreover, analysis of tumor specimens
from the AP-treated animals showed reduced expression of BCL2, cyclin B1, and PCNA
(proliferating cell nuclear antigen) and increased Bax and Cip1/p21 expression [130]. Thus,
AP decreased cell proliferation accompanied by a suppression of tumor growth in the
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bladder, with the reduced cell proliferation due to the cell arrest in the G, /M phase of the
cell cycle [130]. On the other hand, AP may regulate the cell cycle via modulation of p21
expression. AP may also limit the proliferation and growth of neoplastic cells by reducing
the expression of PCNA. PCNA is a protein involved in the replication process, helping to
increase the processivity of the lead-strand DNA synthesis. In turn, in response to DNA
damage, this protein undergoes ubiquitination and participates in the RAD6-dependent
DNA repair pathway [137].

On the other hand, AP can induce apoptosis via reduction of BCL2 protein levels and
an increase in the expression level of Bax and Cip1/p21, as well as the level of cleaved
PARP in the bladder urothelium. Molecular analysis showed that AP-treated rats were
characterized by a decreased NF-«kB level, accompanied by a simultaneous reduction in
HO-1 (heme oxygenase 1) expression compared to rats treated only with N-butyl-N-(4-
hydroxybutyl)-nitrosamine. HO-1 deficiency in normal cells can enhance DNA damage
and carcinogenesis, while in cancer cells, HO-1 overexpression could promote proliferation
and survival [138]. In turn, NF-kB is a transcription factor activated by various growth
factors and cytokines from the stromal cell and can induce HO-1 gene transcription in
tumor cells. Summarizing the above data, apple-derived AP has potential as an anticancer
agent against human BC due to the ability to block the cell cycle and induce apoptosis.

Interestingly, a clinical study showed that hard fruit (pear and apple) consumption,
with increments of 25 g/day, was correlated with a 7% protective association on BC risk
among non-smokers (HR = 0.93, 95% CI= 0.89-0.98) [139]. Sacerdote et al. confirmed the
results of previous in vitro studies and reported that apple intake above-median contributed
to reduced BC risk (OR 0.63, CI 95% = 0.39-0.99) [140]. A summary of anticancer effects
and mechanisms of apple action is presented in Figure 5.

*% apoptosis activation via:

* mitochondria-dependent pathway,

* reduction of BCL2 protein level and
an increase in the expression level of Bax and
Cipl/p21 as well as the level of cleaved
PARP

* limitation of the proliferation and growth of BC
by reducing PCNA expression

* induction of the mitotic catastrophe

Figure 5. The summary of the anticancer effects and mechanisms of apple action. Apple may
modulate numerous signaling pathways, including apoptosis [131,133,135,138], proliferation and cell
growth [131,133,137,138], cell cycle [131,133,136], and mitotic catastrophe [131].

7. Conclusions

Considering the variety of compounds present in the fruits in question, apples, cactus
pears, pomegranates, cranberries, and citrus may effectively reduce the risk of BC devel-
opment. The studied fruits are a rich source of phenols, flavonoids, ellagitannins, tannins,
anthocyanidins, catechin, epicatechin, and quercetin. Although it is clear that the described
fruits have beneficial health-promoting effects, including antitumor effects, most of the
studies have been carried out in cell cultures and animal models. Therefore, despite the
promising results of the research to date, it is necessary to conduct extensive clinical trials to
verify the hypotheses. Moreover, detailed clinical studies are required to examine potential
side effects of consumed fruits, especially their interactions with orally administered drugs.

Nevertheless, the obtained results indicate two main molecular mechanisms that de-
termine the anticancer properties of the analyzed fruits. Firstly, the studied fruits are able to



Nutrients 2022, 14, 1132 16 of 21

arrest the cell cycle, thus preventing cell proliferation and tumor progression. Secondly, the
compounds present in the fruit induce apoptosis through all possible pathways. The regu-
lation of these two pathways guarantees the inhibition of the development and progression
of the pattern. However, it should be remembered that the existing hypotheses have been
developed primarily on the basis of in vitro studies and animal studies; therefore, they
should be verified with clinical trials.

Author Contributions: Conceptualization, PW.; investigation, PW.; writing-original draft prepara-
tion, PW.,; visualization, PW.; writing-review and editing, M.B. and ].S.-B.; supervision, PW. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: The authors declare no competing financial and /or nonfinancial interests.

References

1. Grasso, M. Bladder cancer: A major public health issue. Eur. Urol. Suppl. 2008, 7, 510-515. [CrossRef]

2. Saginala, K.; Barsouk, A.; Aluru, J.S.; Rawla, P; Padala, S.A.; Barsouk, A. Epidemiology of Bladder Cancer. Med. Sci. 2020, 8, 15.
[CrossRef] [PubMed]

3. Zeegers, M.P; Tan, EE.; Dorant, E.; van den Brandt, P.A. The impact of characteristics of cigarette smoking on urinary tract cancer
risk: A meta-analysis of epidemiologic studies. Cancer 2000, 89, 630-639. [CrossRef]

4. Kogevinas, M.; Mannetje, A.; Cordier, S.; Ranft, U.; Gonzalez, C.A.; Vineis, P. Occupation and bladder cancer among men in
Western Europe. Canc. Causes Cont. 2003, 14, 907-914. [CrossRef]

5. Wolff, D. The genetics of bladder cancer: A cytogeneticist’s perspective. Cytogenet. Genome Res. 2007, 118, 177-181. [CrossRef]

6. Kwan, M.L; Garren, B.; Nielsen, M.E.; Tang, L. Lifestyle and nutritional modifiable factors in the prevention and treatment of
bladder cancer. Urol. Oncol. Semin. Orig. Investig. 2018, 37, 380-386. [CrossRef]

7. Dianatinasab, M.; Wesselius, A.; Salehi-Abargouei, A.; Yu, E.Y.W,; Brinkman, M.; Fararouei, M.; van den Brandt, P.; White, E.;
Weiderpass, E.; Le Calvez-Kelm, E; et al. Adherence to a Western dietary pattern and risk of bladder cancer: A pooled analysis
of 13 cohort studies of the Bladder Cancer Epidemiology and Nutritional Determinants international study. Int. J. Cancer 2020,
147, 3394-3403. [CrossRef]

8.  Olsen, A.; Egeberg, R.; Halkjeer, ].; Christensen, ].; Overvad, K.; Tjonneland, A. Healthy aspects of the Nordic diet are related to
lower total mortality. J. Nutr. 2011, 141, 639-644. [CrossRef]

9.  Gunge, V.B,; Andersen, I; Kyrg, C.; Hansen, C.P,; Dahm, C.C.; Christensen, J.; Tjenneland, A.; Olsen, A. Adherence to a healthy
Nordic Food Index and risk of myocardial infarction in middle-aged Danes: The diet, cancer and health cohort study. Eur. J. Clin.
Nutr. 2017, 71, 652-658. [CrossRef]

10. Luo, J; Xu, X. Dietary fiber intake and the risk of bladder cancer in the Prostate, Lung, Colorectal and Ovarian (PLCO) cohort.
Carcinogenesis 2020, 41, 478-482. [CrossRef]

11. Park, S.Y,; Ollberding, N.J.; Woolcott, C.G.; Wilkens, L.R.; Henderson, B.E.; Kolonel, L.N. Fruit and vegetable intakes are associated
with lower risk of bladder cancer among women in the multiethnic cohort study. J. Nutr. 2013, 143, 1283-1292. [CrossRef]

12.  Chamie, K,; Litwin, M.S.; Bassett, J.C.; Daskivich, T.J.; Lai, J.; Hanley, ]. M.; Konety, B.R.; Saigal, C.S. Recurrence of high-risk
bladder cancer: A population-based analysis. Cancer 2013, 119, 3219-3227. [CrossRef] [PubMed]

13.  Antoni, S.; Ferlay, J.; Soerjomataram, I.; Znaor, A.; Jemal, A.; Bray, F. Bladder cancer incidence and mortality: A global overview
and recent trends. Eur. Urol. 2017, 71, 96-108. [CrossRef] [PubMed]

14.  Yeung, C.; Dinh, T.; Lee, J. The health economics of bladder cancer: An updated review of the published literature. Pharmacoeco-
nomics 2014, 32, 1093-1104. [CrossRef]

15. Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics, 2017. CA Cancer J. Clin. 2017, 67, 7-30. [CrossRef]

16. Dalbagni, G. Bladder cancer: Restaging TUR reduces recurrence and progression risk. Nat. Rev. Urol. 2010, 7, 649. [CrossRef]
[PubMed]

17.  Zuiverloon, T.C.; Theodorescu, D. Pharmacogenomic considerations in the treatment of muscle-invasive bladder cancer. Pharma-
cogenomics 2017, 18, 1167-1178. [CrossRef]

18.  Nagano, J.; Kono, S.; Preston, D.L.; Moriwaki, H.; Sharp, G.B.; Koyama, K.; Mabuchi, K. Bladder-cancer incidence in relation to
vegetable and fruit consumption: A prospective study of atomic-bomb survivors. Int. . Cancer 2000, 86, 132-138. [CrossRef]

19. Wakai, K.; Hirose, K.; Takezaki, T.; Hamajima, N.; Ogura, Y.; Nakamura, S.; Hayashi, N.; Tajima, K. Foods and beverages in

relation to urothelial cancer: Case-control study in Japan. Int. ]. Urol. 2004, 11, 11-19. [CrossRef]


http://doi.org/10.1016/j.eursup.2008.04.001
http://doi.org/10.3390/medsci8010015
http://www.ncbi.nlm.nih.gov/pubmed/32183076
http://doi.org/10.1002/1097-0142(20000801)89:3&lt;630::AID-CNCR19&gt;3.0.CO;2-Q
http://doi.org/10.1023/B:CACO.0000007962.19066.9c
http://doi.org/10.1159/000108298
http://doi.org/10.1016/j.urolonc.2018.03.019
http://doi.org/10.1002/ijc.33173
http://doi.org/10.3945/jn.110.131375
http://doi.org/10.1038/ejcn.2017.1
http://doi.org/10.1093/carcin/bgz187
http://doi.org/10.3945/jn.113.174920
http://doi.org/10.1002/cncr.28147
http://www.ncbi.nlm.nih.gov/pubmed/23737352
http://doi.org/10.1016/j.eururo.2016.06.010
http://www.ncbi.nlm.nih.gov/pubmed/27370177
http://doi.org/10.1007/s40273-014-0194-2
http://doi.org/10.3322/caac.21387
http://doi.org/10.1038/nrurol.2010.189
http://www.ncbi.nlm.nih.gov/pubmed/21139639
http://doi.org/10.2217/pgs-2017-0055
http://doi.org/10.1002/(SICI)1097-0215(20000401)86:1&lt;132::AID-IJC21&gt;3.0.CO;2-M
http://doi.org/10.1111/j.1442-2042.2004.00740.x

Nutrients 2022, 14, 1132 17 of 21

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

McGuire, S.U.S. Department of Agriculture and U.S. Department of Health and Human Services, Dietary Guidelines for
Americans, 2010. 7th Edition, Washington, DC: U.S. Government Printing Office, January 2011. Adv. Nutr. 2011, 2, 293-294.
[CrossRef] [PubMed]

Hoffmann, K.; Boeing, H.; Volatier, J.L.; Becker, W. Evaluating the potential health gain of the World Healt’ Organization’s
recommendation concerning vegetable and fruit consumption. Public Health Nutr. 2003, 6, 765-772. [CrossRef] [PubMed]

GBD 2017 Diet Collaborators. Health effects of dietary risks in 195 countries, 1990-2017: A systematic analysis for the Global
Burden of Disease Study 2017. Lancet 2019, 393, 1958-1972. [CrossRef]

Chang, C.P; Chan, Y.Y;; Li, C.E; Chien, L.H,; Lee, S.T.; Wu, T.E. Deciphering the Molecular Mechanism Underlying the Inhibitory
Efficacy of Taiwanese Local Pomegranate Peels against Urinary Bladder Urothelial Carcinoma. Nutrients. 2018, 10, 543. [CrossRef]
[PubMed]

Viuda-Martos, M.; Fernandez-Lépez, J.; Pérez-Alvarez, J.A. Pomegranate and its many functional components as related to
human health: A review. Compr. Rev. Food Sci. Food Saf. 2010, 9, 635-654. [CrossRef]

Mirdehghan, S.H.; Rahemi, M. Seasonal changes of mineral nutrients and phenolics in pomegranate (Punica granatum L.) fruit.
Sci. Hort. 2007, 111, 120-127. [CrossRef]

Elfalleh, W.; Hannachi, H.; Tlili, N.; Yahia, Y.; Nasri, N.; Ferchichi, A. Total phenolic contents and antioxidant activities of
pomegranate peel, seed, leaf and flower. J. Med. Plants Res. 2012, 6, 4724-4730. [CrossRef]

Afaq, F; Saleem, M.; Krueger, C.G.; Reed, ].D.; Mukhtar, H. Anthocyanin- and hydrolyzable tannin-rich pomegranate fruit extract
modulates MAPK and NF-kappaB pathways and inhibits skin tumorigenesis in CD-1 mice. Int. ]. Cancer 2005, 113, 423-433.
[CrossRef] [PubMed]

Zand, R.S.; Jenkins, D.J.; Diamandis, E.P. Steroid hormone activity of flavonoids and related compounds. Breast Cancer Res. Treat.
2000, 62, 35-49. [CrossRef]

Paladini, A.C.; Marder, M.; Viola, H.; Wolfman, C.; Wasowski, C.; Medina, ].H. Flavonoids and the central nervous system: From
forgotten factors to potent anxiolytic compounds. J. Pharm. Pharmacol. 1999, 51, 519-526. [CrossRef]

Lansky, E.P.; Newman, R.A. Punica granatum (pomegranate) and its potential for prevention and treatment of inflammation and
cancer. J. Ethnopharmacol. 2007, 109, 177-206. [CrossRef]

Hazafa, A.; Rehman, K.U.; Jahan, N.; Jabeen, Z. The role of polyphenol (flavonoids) compounds in the treatment of cancer cells.
Nutr. Cancer 2019, 72, 386-397. [CrossRef]

Caceres, A.; Girén, L.M.; Alvarado, S.R.; Torres, M.F. Screening of antimicrobial activity of plants popularly used in Guatemala
for the treatment of dermatomucosal diseases. J. Ethnopharmacol. 1987, 20, 223-237. [CrossRef]

Naqvi, S.; Khan, M.; Vohora, S. Anti-bacterial, anti-fungal and anthelmintic investigations on Indian medicinal plants. Fitoterapia
1991, 62, 221-228.

Saxena, A.; Vikram, N.K. Role of selected Indian plants in management of type 2 diabetes: A review. J. Altern. Complement. Med.
2004, 10, 369-378. [CrossRef]

Zaid, H.; Silbermann, M.; Ben-Arye, E.; Saad, B. Greco-Arab and Islamic herbal-derived anticancer modalities: From tradition to
molecular mechanisms. Evid. Based Complement. Altern. Med. 2012, 2012, 349040. [CrossRef]

Jurenka, J.S. Therapeutic applications of pomegranate (Punica granatum L.): A review. Altern Med. Rev. 2008, 13, 128-144.

Vidal, A ; Fallarero, A.; Pefia, B.R.; Medina, M.E.; Gra, B.; Rivera, F,; Gutierrez, Y.; Vuorela, PM. Studies on the toxicity of Punica
granatum L. (Punicaceae) whole fruit extracts. J. Ethnopharmacol. 2003, 89, 295-300. [CrossRef] [PubMed]

Shravan Kumar, Y.; Adukondalu, D.; Bhargavi Latha, A.; Vamshi Vishnu, Y.; Ramesh, G.; Shiva Kumar, R.; Madhusudan Rao, Y,;
Sarangapani, M. Effect of pomegranate pretreatment on the oral bioavailability of buspirone in male albino rabbits. Daru 2011, 19,
266-269.

Nagata, M.; Hidaka, M.; Sekiya, H.; Kawano, Y.; Yamasaki, K.; Okumura, M.; Arimori, K. Effects of pomegranate juice on human
cytochrome P450 2C9 and tolbutamide pharmacokinetics in rats. Drug Metab. Dispos. 2007, 35, 302-305. [CrossRef]

Misaka, S.; Nakamura, R.; Uchida, S.; Takeuchi, K.; Takahashi, N.; Inui, N.; Kosuge, K.; Yamada, S.; Watanabe, H. Effect of 2
weeks’ consumption of pomegranate juice on the pharmacokinetics of a single dose of midazolam: An open-label, randomized,
single-center, 2-period crossover study in healthy Japanese volunteers. Clin. Ther. 2011, 33, 246-252. [CrossRef]

Lee, S.T.; Lu, M.H.; Chien, L.H.; Wu, T.F; Huang, L.C.; Liao, G.I. Suppression of urinary bladder urothelial carcinoma cell by
the ethanol extract of pomegranate fruit through cell cycle arrest and apoptosis. BMC Complement. Altern. Med. 2013, 13, 364.
[CrossRef]

Carnero, A.; Blanco-Aparicio, C.; Renner, O.; Link, W.; Leal, ].F. The PTEN/PI3K/AKT signalling pathway in cancer, therapeutic
implications. Curr. Cancer Drug Targets 2008, 8, 187-198. [CrossRef]

Hay, N. The Akt-mTOR tango and its relevance to cancer. Cancer Cell 2005, 8, 179-183. [CrossRef]

Srinivasula, S.M.; Ahmad, M.; Lin, J.H.; Poyet, ].L.; Fernandes-Alnemri, T.; Tsichlis, PN.; Alnemri, E.S. CLAP, a novel caspase
recruitment domain-containing protein in the tumor necrosis factor receptor pathway, regulates NF-kappaB activation and
apoptosis. J. Biol Chem. 1999, 274, 17946-17954. [CrossRef] [PubMed]

Sun, Z.; Cheng, Z.; Taylor, C.A.; McConkey, B.J.; Thompson, ].E. Thompson, Apoptosis induction by e[F5A1 involves activation of
the intrinsic mitochondrial pathway. J. Cell Physiol. 2010, 223, 798-809.

Cho, S.; Ko, HM.],; Lee, J.A,; Park, ].E.; Jang, M.S,; Park, S.G.; Lee, D.H.; Ryu, S.E.; Park, B.C. Positive regulation of apoptosis
signal-regulating kinase 1 by hD53L1. J. Biol Chem. 2004, 279, 16050-16056. [CrossRef]


http://doi.org/10.3945/an.111.000430
http://www.ncbi.nlm.nih.gov/pubmed/22332062
http://doi.org/10.1079/PHN2003500
http://www.ncbi.nlm.nih.gov/pubmed/14641947
http://doi.org/10.1016/S0140-6736(19)30041-8
http://doi.org/10.3390/nu10050543
http://www.ncbi.nlm.nih.gov/pubmed/29702555
http://doi.org/10.1111/j.1541-4337.2010.00131.x
http://doi.org/10.1016/j.scienta.2006.10.001
http://doi.org/10.5897/JMPR11.995
http://doi.org/10.1002/ijc.20587
http://www.ncbi.nlm.nih.gov/pubmed/15455341
http://doi.org/10.1023/A:1006422302173
http://doi.org/10.1211/0022357991772790
http://doi.org/10.1016/j.jep.2006.09.006
http://doi.org/10.1080/01635581.2019.1637006
http://doi.org/10.1016/0378-8741(87)90050-X
http://doi.org/10.1089/107555304323062365
http://doi.org/10.1155/2012/349040
http://doi.org/10.1016/j.jep.2003.09.001
http://www.ncbi.nlm.nih.gov/pubmed/14611895
http://doi.org/10.1124/dmd.106.011718
http://doi.org/10.1016/j.clinthera.2011.02.012
http://doi.org/10.1186/1472-6882-13-364
http://doi.org/10.2174/156800908784293659
http://doi.org/10.1016/j.ccr.2005.08.008
http://doi.org/10.1074/jbc.274.25.17946
http://www.ncbi.nlm.nih.gov/pubmed/10364242
http://doi.org/10.1074/jbc.M305758200

Nutrients 2022, 14, 1132 18 of 21

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Kitaura, Y.; Matsumoto, S.; Satoh, H.; Hitomi, K.; Maki, M. Peflin and ALG-2, members of the penta-EF-hand protein family, form
a heterodimer that dissociates in a Ca2+-dependent manner. J. Biol Chem. 2001, 276, 14053-14058. [CrossRef]

Wang, H.Q.; Zhang, H.Y.; Hao, EJ.; Meng, X.; Guan, Y.; Du, Z.X. Induction of BAG2 protein during proteasome inhibitor-induced
apoptosis in thyroid carcinoma cells. Br. |. Pharmacol. 2008, 155, 655-660. [CrossRef]

Mani, A.; Gelmann, E.P. The ubiquitin-proteasome pathway and its role in cancer. J. Clin. Oncol. 2005, 23, 4776-4789. [CrossRef]
McCutchen-Maloney, S.L.; Matsuda, K.; Shimbara, N.; Binns, D.D.; Tanaka, K.; Slaughter, C.A.; DeMartino, G.N. cDNA cloning,
expression, and functional characterization of PI31, a proline-rich inhibitor of the proteasome. ]. Biol Chem. 2000, 275, 18557-18565.
[CrossRef]

Deng, L.; Wang, C.; Spencer, E.; Yang, L.; Braun, A.; You, J.; Slaughter, C.; Pickart, C.; Chen, Z.J. Activation of the IkappaB kinase
complex by TRAF6 requires a dimeric ubiquitin-conjugating enzyme complex and a unique polyubiquitin chain. Cell 2000,
103, 351-361. [CrossRef]

Bu, R.; Hussain, A.R.; Al-Obaisi, K.A.; Ahmed, M.; Uddin, S.; Al-Kuraya, K.S. Bortezomib inhibits proteasomal degradation of
IkB oc and induces mitochondrial dependent apoptosis in activated B-cell diffuse large B-cell lymphoma. Leuk. Lymphoma. 2014,
55, 415-424. [CrossRef] [PubMed]

Wu, T.F; Hsu, L.T,; Tsang, B.X.; Huang, L.C.; Shih, W.Y; Chen, L.Y. Clarification of the molecular pathway of Taiwan local
pomegranate fruit juice underlying the inhibition of urinary bladder urothelial carcinoma cell by proteomics strategy. BMC
Complement. Altern Med. 2016, 16, 96. [CrossRef]

Kiffner, R.; Rohr, A.; Schmiede, A.; Kriill, C.; Schulte, U. Involvement of two novel chaperones in the assembly of mitochondrial
NADH:Ubiquinone oxidoreductase (complex I). J. Mol. Biol. 1998, 283, 409-417. [CrossRef]

Marsh, L.; Shah, K. Nowatorski inhibitor izomerazy triosefosforanowej u ssakéw znaleziony przez podejscie in silico. Int. |. Med.
Chem. 2014, 2014, 469125. [PubMed]

Sun, R;; Zhang, J.; Chen, L.; Zhang, N.; Wang, X.; Chen, W. Punica granatum Extract Inhibits Bladder Cancer Cell Viability,
Invasion and Migration through Down-Regulation of HOXD10 Signalling Pathway. Dokl. Biochem. Biophys. 2021, 497, 130-136.
[CrossRef] [PubMed]

Bahena-Ocampo, I; Espinosa, M.; Ceballos-Cancino, G.; Lizarraga, F.; Campos-Arroyo, D.; Schwarz, A.; Maldonado, V.; Melendez-
Zajgla, ].; Garcia-Lopez, P. miR-10b expression in breast cancer stem cells supports self-renewal through negative PTEN regulation
and sustained AKT activation. EMBO Rep. 2016, 17, 648-658. [CrossRef]

Xiao, H.; Li, H.; Yu, G.; Xiao, W.; Hu, ].; Tang, K.; Zeng, ] HW.; Zeng, G. MicroRNA-10b promotes migration and invasion through
KLF4 and HOXD10 in human bladder cancer. Oncol. Rep. 2014, 31, 1832-1838. [CrossRef] [PubMed]

Zeng, M.; Su, Y,; Li, K;; Jin, D.; Li, Q.; Li, Y.; Zhou, B. Gallic Acid Inhibits Bladder Cancer T24 Cell Progression Through
Mitochondrial Dysfunction and PI3K/Akt/NF-«B Signaling Suppression. Front. Pharmacol. 2020, 11, 1222. [CrossRef]

Zhang, S.; Xue, H.; Chen, Q. Oxaliplatin, 5-fluorouracil and leucovorin (FOLFOX) as secondline therapy for patients with
advanced urothelial cancer. Oncotarget 2016, 7, 58579-58585. [CrossRef]

Bi, L,; Yan, X.; Chen, W.; Gao, J.; Qian, L.; Qiu, S. Antihepatocellular carcinoma potential of tetramethylpyrazine induces cell
cycle modulation and mitochondrial-dependent apoptosis: Regulation of P53 signaling pathway in HepG2 cells in vitro. Interact.
Cancer Ther. 2016, 15, 226-236. [CrossRef] [PubMed]

Min, X.; Heng, H.; Yu, H.L.; Dan, M.; Jie, C.; Zeng, Y. Anticancer effects of 10-hydroxycamptothecin induce apoptosis of human
osteosarcoma through activating caspase-3, p53 and cytochrome c pathways. Oncol. Lett. 2018, 15, 2459-2464. [PubMed]
Siveen, K.S.; Prabhu, K.; Krishnankutty, R.; Kuttikrishnan, S.; Tsakou, M.; Alali, F. Vascular endothelial growth factor (VEGF)
signaling in tumour vascularization: Potential and challenges. Curr. Vasc. Pharmacol. 2017, 15, 339-351. [CrossRef] [PubMed]
Melincovici, C.S.; Bosca, A.B.; Susman, S.; Marginean, M.; Mihu, C.; Istrate, M. Vascular endothelial growth factor (VEGF)-key
factor in normal and pathological angiogenesis. Rom. . Morphol. Embryol. 2018, 59, 455-467. [PubMed]

Zhou, B.; Yi, H.; Tan, J.; Wu, Y,; Liu, G.; Qiu, Z. Anti-proliferative effects of polyphenols from pomegranate rind (Punica granatum
L.) on E] bladder cancer cells via regulation of p53/miR-34a axis. Phytother. Res. 2015, 29, 415-422. [CrossRef] [PubMed]
Raver-Shapira, N.; Marciano, E.; Meiri, E.; Spector, Y.; Rosenfeld, N.; Moskovits, N.; Bentwich, Z.; Oren, M. Transcriptional
activation of miR-34a contributes to p53-mediated apoptosis. Mol. Cell. 2007, 26, 731-743. [CrossRef]

Wang, W.; Li, T.; Han, G.; Li, Y,; Shi, L.H.; Li, H. Expression and role of miR-34a in bladder cancer. Indian J. Biochem. Biophys. 2013,
50, 87-92.

Li, H; Yu, G; Shi, R,; Lang, B.; Chen, X,; Xia, D.; Xiao, H.; Guo, X.; Guan, W.; Ye, Z.; et al. Cisplatin-induced epigenetic activation
of miR-34a sensitizes bladder cancer cells to chemotherapy. Mol. Cancer 2014, 13, 8. [CrossRef]

Mortada, W.I.; Awadalla, A.; Khater, S.M.; Barakat, N.M.; Husseiny, S.M.; Shokeir, A.A. Preventive effect of pomegranate juice
against chemically induced bladder cancer: An experimental study. Heliyon 2020, 6, €05192. [CrossRef]

Basiri, S. Evaluation of antioxidant and antiradical properties of Pomegranate (Punica granatum L.) seed and defatted seed extracts.
J. Food Sci. Technol. 2015, 52, 1117-1123. [CrossRef]

Lansky, E.P; Jiang, W.; Mo, H.; Bravo, L.; Froom, P.; Yu, W. Possible synergistic prostate cancer suppression by anatomically
discrete pomegranate fractions. Investig. New Drugs 2005, 23, 11-20. [CrossRef] [PubMed]

Han, J.; Xi, Q.; Meng, Q.; Liu, J.; Zhang, Y.; Han, Y. Interleukin-6 promotes tumor progression in colitis-associated colorectal
cancer through HIF-1« regulation. Oncol. Lett. 2016, 12, 4665-4670. [CrossRef] [PubMed]


http://doi.org/10.1074/jbc.M008649200
http://doi.org/10.1038/bjp.2008.302
http://doi.org/10.1200/JCO.2005.05.081
http://doi.org/10.1074/jbc.M001697200
http://doi.org/10.1016/S0092-8674(00)00126-4
http://doi.org/10.3109/10428194.2013.806799
http://www.ncbi.nlm.nih.gov/pubmed/23697845
http://doi.org/10.1186/s12906-016-1071-7
http://doi.org/10.1006/jmbi.1998.2114
http://www.ncbi.nlm.nih.gov/pubmed/25383217
http://doi.org/10.1134/S1607672921020162
http://www.ncbi.nlm.nih.gov/pubmed/33895929
http://doi.org/10.15252/embr.201540678
http://doi.org/10.3892/or.2014.3048
http://www.ncbi.nlm.nih.gov/pubmed/24573354
http://doi.org/10.3389/fphar.2020.01222
http://doi.org/10.18632/oncotarget.10463
http://doi.org/10.1177/1534735416637424
http://www.ncbi.nlm.nih.gov/pubmed/27179035
http://www.ncbi.nlm.nih.gov/pubmed/29434958
http://doi.org/10.2174/1570161115666170105124038
http://www.ncbi.nlm.nih.gov/pubmed/28056756
http://www.ncbi.nlm.nih.gov/pubmed/30173249
http://doi.org/10.1002/ptr.5267
http://www.ncbi.nlm.nih.gov/pubmed/25572695
http://doi.org/10.1016/j.molcel.2007.05.017
http://doi.org/10.1186/1476-4598-13-8
http://doi.org/10.1016/j.heliyon.2020.e05192
http://doi.org/10.1007/s13197-013-1102-z
http://doi.org/10.1023/B:DRUG.0000047101.02178.07
http://www.ncbi.nlm.nih.gov/pubmed/15528976
http://doi.org/10.3892/ol.2016.5227
http://www.ncbi.nlm.nih.gov/pubmed/28105173

Nutrients 2022, 14, 1132 19 of 21

73.
74.
75.
76.
77.
78.

79.
80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.
94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

Landskron, G.; De la Fuente, M.; Thuwajit, P.; Thuwajit, C.; Hermoso, M. A. Chronic inflammation and cytokines in the tumor
microenvironment. J. Immunol. Res. 2014, 2014, 149185. [CrossRef] [PubMed]

Yan, X.; Murphy, B.T.; Hammond, G.B.; Vinson, J.A.; Neto, C.C. Antioxidant activities and antitumor screening of extracts from
cranberry fruit (Vaccinium macrocarpon). J. Agric. Food Chem. 2002, 50, 5844-5849. [CrossRef]

Guay, D.R. Cranberry and urinary tract infections. Drugs 2009, 69, 775-807. [CrossRef] [PubMed]

Macheix, J.J.; Fleuriet, A.; Billot, J. Fruit Phenolics; CRC Press: Boca Raton, FL, USA, 1990.

Neto, C.C.; Amoroso, ].W.; Liberty, A.M. Anticancer activities of cranberry phytochemicals: An update. Mol. Nutr. Food Res. 2008,
52,18-27. [CrossRef]

Ruel, G.; Couillard, C. Evidences of the cardioprotective potential of fruits: The case of cranberries. Mol. Nutr. Food Res. 2007,
51, 692-701. [CrossRef]

Cimolai, N.; Cimolai, T. The cranberry and the urinary tract. Eur. J. Clin. Microbiol. Infect. Dis. 2007, 26, 767-776. [CrossRef]
Saito, M.; Hirata-Koizumi, M.; Matsumoto, M.; Urano, T.; Hasegawa, R. Undesirable effects of citrus juice on the pharmacokinetics
of drugs: Focus on recent studies. Drug Saf. 2005, 28, 677-694. [CrossRef]

Srinivas, N.R. Cranberry juice ingestion and clinical drug-drug interaction potentials; review of case studies and perspectives. J.
Pharm. Pharm. Sci. 2013, 16, 289-303. [CrossRef]

Gettman, M.T.; Ogan, K.; Brinkley, L.].; Adams-Huet, B.; Pak, C.Y.; Pearle, M.S. Effect of cranberry juice consumption on urinary
stone risk factors. J. Urol. 2005, 174, 590-594. [CrossRef]

Howell, A.B.; Foxman, B. Cranberry juice and adhesion of antibiotic-resistant uropathogens. JAMA 2002, 287, 3082-3083.
[CrossRef] [PubMed]

Hisano, M.; Bruschini, H.; Nicodemo, A.C.; Srougi, M. Cranberries and lower urinary tract infection prevention. Clinics 2012,
67, 661-668. [CrossRef]

Lavigne, J.P; Bourg, G.; Combescure, C.; Botto, H.; Sotto, A. In-vitro and in-vivo evidence of dose-dependent decrease of
uropathogenic Escherichia coli virulence after consumption of commercial Vaccinium macrocarpon (cranberry) capsules. Clin.
Microbiol. Infect. 2008, 14, 350-355. [CrossRef] [PubMed]

Ferrara, P; Romaniello, L.; Vitelli, O.; Gatto, A.; Serva, M.; Cataldi, L. Cranberry juice for the prevention of recurrent urinary tract
infections: A randomized controlled trial in children. Scand. J. Urol. Nephrol. 2009, 43, 369-372. [CrossRef] [PubMed]

Cowan, C.C.; Hutchison, C.; Cole, T,; Barry, S.J.; Paul, J.; Reed, N.S.; Russell, ]. M. A randomised double-blind placebo-controlled
trial to determine the effect of cranberry juice on decreasing the incidence of urinary symptoms and urinary tract infections in
patients undergoing radiotherapy for cancer of the bladder or cervix. Clin. Oncol. R Coll Radiol. 2012, 24, e31-e38. [CrossRef]
Prasain, J.K.; Rajbhandari, R.; Keeton, A.B.; Piazza, G.A.; Barnes, S. Metabolism and growth inhibitory activity of cranberry
derived flavonoids in bladder cancer cells. Food Funct. 2016, 7, 4012—4019. [CrossRef] [PubMed]

Roy, S.; Khanna, S.; Alessio, H.M.; Vider, J.; Bagchi, D.; Bagchi, M.; Sen, C.K. Anti-angiogenic property of edible berries. Free Radic
Res. 2002, 36, 1023-1031. [CrossRef]

Prasain, ].K.; Jones, K.; Moore, R.; Barnes, S.; Leahy, M.; Roderick, R.; Juliana, M.M.; Grubbs, C.J. Effect of cranberry juice
concentrate on chemically-induced urinary bladder cancers. Oncology Rep. 2008, 19, 1565-1570.

Ho, S.-C.; Lin, C.-C. Investigation of heat treating conditions for enhancing the anti-inflammatory activity of Citrus fruit (Citrus
reticulata) peels. J. Agric. Food Chem. 2008, 56, 7976-7982. [CrossRef]

Economos, C.; Clay, W.D. Nutritional and health benefits of citrus fruits. Food Nutr. Agric. 1999, 24, 11-18.

Committee, N.P. Pharmacopoeia of People’s Republic of China. Beijing China Med. Sci. Technol. Press 2010, 2, 157-159.

Ahn, K.I; Choi, E.O.; Kwon, D.H.; Hwang Bo, H.; Kim, M.Y,; Kim, H.J.; Ji, S.Y.; Hong, S.H.; Jeong, ] W.; Park, C.; et al. Induction
of apoptosis by ethanol extract of Citrus unshiu Markovich peel in human bladder cancer T24 cells through ROS-mediated
inactivation of the PI3K/Akt pathway. Biosci. Trends 2017, 11, 565-573. [CrossRef] [PubMed]

Tummers, B.; Green, D.R. Caspase-8: Regulating life and death. Immunol. Rev. 2017, 277, 76-89. [CrossRef] [PubMed]

Hata, A.N.; Engelman, J.A.; Faber, A.C. The BCL2 family: Key mediators of the apoptotic response to targeted anticancer
therapeutics. Cancer Discov. 2015, 5, 475-487. [CrossRef]

Nachmias, B.; Ashhab, Y.; Ben-Yehuda, D. The inhibitor of apoptosis protein family (IAPs): An emerging therapeutic target in
cancer. Semin. Cancer Biol. 2004, 14, 231-243. [CrossRef] [PubMed]

Fulda, S.; Vucic, D. Targeting IAP proteins for therapeutic intervention in cancer. Nat. Rev. Drug Discov. 2012, 11, 109-124.
[CrossRef] [PubMed]

Billen, L.P.; Shamas-Din, A.; Andrews, D.W. Bid: A Bax-like BH3 protein. Oncogene 2008, 27, 93-104. [CrossRef] [PubMed]
Kantari, C.; Walczak, H. Caspase-8 and bid: Caught in the act between death receptors and mitochondria. Biochim. Biophys. Acta.
2011, 1813, 558-563. [CrossRef]

Glinsky, V.V.; Raz, A. Modified citrus pectin anti-metastatic properties: One bullet, multiple targets. Carbohydr. Res.
2009, 344, 1788-1791. [CrossRef]

Ahmed, H.; AlSadek, D.M. Galectin-3 as a potential target to prevent cancer metastasis. Clin. Med. Insights Oncol. 2015, 9, 113-121.
[CrossRef]

Gunning, A.P; Bongaerts, R.J.; Morris, V.J. Recognition ofgalactan components of pectin by galectin-3. FASEB J. 2009, 23, 415-424.
[CrossRef] [PubMed]


http://doi.org/10.1155/2014/149185
http://www.ncbi.nlm.nih.gov/pubmed/24901008
http://doi.org/10.1021/jf0202234
http://doi.org/10.2165/00003495-200969070-00002
http://www.ncbi.nlm.nih.gov/pubmed/19441868
http://doi.org/10.1002/mnfr.200700433
http://doi.org/10.1002/mnfr.200600286
http://doi.org/10.1007/s10096-007-0379-0
http://doi.org/10.2165/00002018-200528080-00003
http://doi.org/10.18433/J3NG6Z
http://doi.org/10.1097/01.ju.0000165168.68054.f8
http://doi.org/10.1001/jama.287.23.3077
http://www.ncbi.nlm.nih.gov/pubmed/12069670
http://doi.org/10.6061/clinics/2012(06)18
http://doi.org/10.1111/j.1469-0691.2007.01917.x
http://www.ncbi.nlm.nih.gov/pubmed/18190583
http://doi.org/10.3109/00365590902936698
http://www.ncbi.nlm.nih.gov/pubmed/19921981
http://doi.org/10.1016/j.clon.2011.05.009
http://doi.org/10.1039/C6FO00499G
http://www.ncbi.nlm.nih.gov/pubmed/27711848
http://doi.org/10.1080/1071576021000006662
http://doi.org/10.1021/jf801434c
http://doi.org/10.5582/bst.2017.01218
http://www.ncbi.nlm.nih.gov/pubmed/29070760
http://doi.org/10.1111/imr.12541
http://www.ncbi.nlm.nih.gov/pubmed/28462525
http://doi.org/10.1158/2159-8290.CD-15-0011
http://doi.org/10.1016/j.semcancer.2004.04.002
http://www.ncbi.nlm.nih.gov/pubmed/15219616
http://doi.org/10.1038/nrd3627
http://www.ncbi.nlm.nih.gov/pubmed/22293567
http://doi.org/10.1038/onc.2009.47
http://www.ncbi.nlm.nih.gov/pubmed/19641510
http://doi.org/10.1016/j.bbamcr.2011.01.026
http://doi.org/10.1016/j.carres.2008.08.038
http://doi.org/10.4137/CMO.S29462
http://doi.org/10.1096/fj.08-106617
http://www.ncbi.nlm.nih.gov/pubmed/18832596

Nutrients 2022, 14, 1132 20 of 21

104.

105.

106.

107.

108.
109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

Zeinali, M.; Adelinik, A.; Papian, S.; Khorramdelazad, H.; Abedinzadeh, M. Role of galectin-3 in the pathogenesis of bladder
transitional cell carcinoma. Hum. Immunol. 2015, 76, 770-774. [CrossRef] [PubMed]

Canesin, G.; Gonzalez-Peramato, P; Palou, J.; Urrutia, M.; Cordén-Cardo, C.; Sdnchez-Carbayo, M. Galectin-3 expression is
associated with bladder cancer progression and clinical outcome. Tumour. Biol. 2010, 31, 277-285. [CrossRef] [PubMed]

Gao, X,; Liu, J.; Liu, X.; Li, L.; Zheng, J. Cleavage and phosphorylation: Important post-translational modifications of galectin-3.
Cancer Metastas. Rev. 2017, 36, 367-374. [CrossRef]

Thijssen, V.L.; Heusschen, R.; Caers, J.; Griffioen, A.W. Galectin expression in cancer diagnosis and prognosis: A systematic
review. Biochim. Biophys. Acta. 2015, 1855, 235-247. [CrossRef] [PubMed]

Ruvolo, PP. Galectin 3 as a guardian of the tumor microenvironment. Biochim. Biophys. Acta. 2016, 1863, 427-437. [CrossRef]
Fang, T,; Liu, D.D.; Ning, HM.; Dan, L.; Sun, ].Y.; Huang, X.J.; Dong, Y.; Geng, M.Y.; Yun, S.E; Yan, J.; et al. Modified citrus pectin
inhibited bladder tumor growth through downregulation of galectin-3. Acta Pharmacol. Sin. 2018, 39, 1885-1893. [CrossRef]

Ng, T.B.; Liu, F; Wang, Z.T. Antioxidative activity of natural products from plants. Life Sci. 2000, 66, 709-723. [CrossRef]

Lee, C.H.; Jeong, T.S.; Choi, Y.K.; Hyun, B.H.; Oh, G.T.; Kim, E.H.; Kim, ].R.; Han, ].I.; Bok, S.H. Anti-atherogenic effect of citrus
flavonoids, naringin and naringenin, associated with hepatic ACAT and aortic VCAM-1 and MCP-1 in high cholesterol-fed
rabbits. Biochem. Biophys. Res. Commun. 2001, 284, 681-688. [CrossRef]

Kaul, T.N.; Middleton, E., Jr.; Ogra, P.L. Antiviral effect of flavonoids on human viruses. J. Med. Virol. 1985, 15, 71-79. [CrossRef]
[PubMed]

Ueng, Y.F; Chang, Y.L.; Oda, Y,; Park, S.S.; Liao, ].E; Lin, M.E; Chen, C.F. In vitro and in vivo effects of naringin on cytochrome
P450-dependent monooxygenase in mouse liver. Life Sci. 1999, 65, 2591-2602. [CrossRef]

So, EV.; Guthrie, N.; Chambers, A.E; Moussa, M.; Carroll, K.K. Inhibition of human breast cancer cell proliferation and delay of
mammary tumorigenesis by flavonoids and citrus juices. Nutr. Cancer 1996, 26, 167-181. [CrossRef]

Le Marchand, L.; Murphy, S.P; Hankin, ].H.; Wilkens, L.R.; Kolonel, L.N. Intake of flavonoids and lung cancer. J. Natl. Cancer Inst.
2000, 92, 154-160. [CrossRef]

Kim, D.I; Lee, SJ.; Lee, S.B.; Park, K.; Kim, W.J.; Moon, S.K. Requirement for Ras/Raf/ERK pathway in naringin-induced
G1-cell-cycle arrest via p21WAF1 expression. Carcinogenesis 2008, 29, 1701-1709. [CrossRef] [PubMed]

Park, J.I; Strock, C.J.; Ball, D.W.; Nelkin, B.D. The Ras/Raf/MEK/extracellular signal-regulated kinase pathway induces
autocrine-paracrine growth inhibition via the leukemia inhibitory factor/JAK/STAT pathway. Mol. Cell. Biol. 2003, 23, 543-554.
[CrossRef] [PubMed]

Moon, S.K,; Jung, S.Y.; Choi, Y.H,; Lee, Y.C.; Patterson, C.; Kim, C.H. PDTC, metal chelating compound, induces G1 phase cell
cycle arrest in vascular smooth muscle cells through inducing p21Cip1 expression: Involvement of p38 mitogen activated protein
kinase. J. Cell. Physiol. 2004, 198, 310-323. [CrossRef]

Lee, B.; Kim, C.H.; Moon, S.K. Honokiol causes the p21WAF1-mediated G(1)-phase arrest of the cell cycle through inducing p38
mitogen activated protein kinase in vascular smooth muscle cells. FEBS Lett. 2006, 580, 5177-5184. [CrossRef]

Li, W.Q.; Kuriyama, S.; Li, Q.; Nagai, M.; Hozawa, A.; Nishino, Y.; Tsuji, . Citrus consumption and cancer incidence: The Ohsaki
cohort study. Int. J. Cancer 2010, 127, 1913-1922. [CrossRef]

Liang, S.; Lv, G.; Chen, W,; Jiang, J.; Wang, J. Citrus fruit intake and bladder cancer risk: A meta-analysis of observational studies.
Int. J. Food Sci. Nutr. 2014, 65, 893-898. [CrossRef]

Vieira, A.R.; Vingeliene, S.; Chan, D.S.; Aune, D.; Abar, L.; Navarro Rosenblatt, D.; Greenwood, D.C.; Norat, T. Fruits, vegetables,
and bladder cancer risk: A systematic review and meta-analysis. Cancer Med. 2015, 4, 136-146. [CrossRef] [PubMed]
Al-Zalabani, A.H.; Stewart, K.F.; Wesselius, A.; Schols, A.M.; Zeegers, M.P. Modifiable risk factors for the prevention of bladder
cancer: A systematic review of meta-analyses. Eur. J. Epidemiol. 2016, 31, 811-851. [CrossRef] [PubMed]

Xenou, D.; Tzelves, L.; Terpos, E.; Stamatelopoulos, K.; Sergentanis, T.N.; Psaltopoulou, T. Consumption of Fruits, Vegetables
and Bladder Cancer Risk: A Systematic Review and Meta-Analysis of Prospective Cohort Studies. Nutr. Cancer 2021, 2, 136-146.
[CrossRef] [PubMed]

Fernandez-Lopez, J.A.; Almela, L.; Obon, ] M.; Castellar, R. Determination of antioxidant constituents in cactus pear fruits. Plant.
Foods Hum. Nutr. 2010, 65, 253-259. [CrossRef] [PubMed]

Abdel Fattah, M.S.; Badr, S.E.A.; Khalil, E.M.; Elsaid, A.S. Feed efficiency, some blood parameters and In- vitro chemoprevention
of prickly pear (Opuntia ficus indica L.) seeds oil growing in Egypt. Issues Biol. Sci. Pharma. Res. 2020, 8, 20-27.

Sobieraj, D.M.; Freyer, C.W. Probable hypoglycemic adverse drug reaction associated with prickly pear cactus, glipizide, and
metformin in a patient with type 2 diabetes mellitus. Ann. Pharmacother. 2010, 44, 1334-1337. [CrossRef] [PubMed]

Zou, D.; Brewer, M.; Garcia, F. Cactus pear: A natural product in cancer chemoprevention. Nutr. J. 2005, 4, 25. [CrossRef]
[PubMed]

Magloire, EJ.; Zou, D.J. Comparison of Chinese and American cactus pear (Opuntia cacti) in induction of ROS and growth
inhibition in bladder cancer cells. In Proceedings of the VI International Congress on Cactus Pear and Cochineal, Joao Pessoa,
Brazil, 22-26 October 2007; Volume 811, pp. 187-196. [CrossRef]

Kao, Y.-L.; Kuo, Y.-M; Lee, Y.-R.; Chen, W.-R,; Lee, H.-].; Lee, H.-J. Apple polyphenol decelerates bladder cancer growth involving
apoptosis and cell cycle arrest in N-butyl-N-(4-hydroxybutyl) nitrosamine-induced experimental animal model. J. Funct. Foods
2017, 36, 1-8. [CrossRef]


http://doi.org/10.1016/j.humimm.2015.09.036
http://www.ncbi.nlm.nih.gov/pubmed/26429330
http://doi.org/10.1007/s13277-010-0033-9
http://www.ncbi.nlm.nih.gov/pubmed/20401558
http://doi.org/10.1007/s10555-017-9666-0
http://doi.org/10.1016/j.bbcan.2015.03.003
http://www.ncbi.nlm.nih.gov/pubmed/25819524
http://doi.org/10.1016/j.bbamcr.2015.08.008
http://doi.org/10.1038/s41401-018-0004-z
http://doi.org/10.1016/S0024-3205(99)00642-6
http://doi.org/10.1006/bbrc.2001.5001
http://doi.org/10.1002/jmv.1890150110
http://www.ncbi.nlm.nih.gov/pubmed/2981979
http://doi.org/10.1016/S0024-3205(99)00528-7
http://doi.org/10.1080/01635589609514473
http://doi.org/10.1093/jnci/92.2.154
http://doi.org/10.1093/carcin/bgn055
http://www.ncbi.nlm.nih.gov/pubmed/18296682
http://doi.org/10.1128/MCB.23.2.543-554.2003
http://www.ncbi.nlm.nih.gov/pubmed/12509453
http://doi.org/10.1002/jcp.10728
http://doi.org/10.1016/j.febslet.2006.08.064
http://doi.org/10.1002/ijc.25203
http://doi.org/10.3109/09637486.2014.917151
http://doi.org/10.1002/cam4.327
http://www.ncbi.nlm.nih.gov/pubmed/25461441
http://doi.org/10.1007/s10654-016-0138-6
http://www.ncbi.nlm.nih.gov/pubmed/27000312
http://doi.org/10.1080/01635581.2021.1985146
http://www.ncbi.nlm.nih.gov/pubmed/34726552
http://doi.org/10.1007/s11130-010-0189-x
http://www.ncbi.nlm.nih.gov/pubmed/20811778
http://doi.org/10.1345/aph.1P148
http://www.ncbi.nlm.nih.gov/pubmed/20516361
http://doi.org/10.1186/1475-2891-4-25
http://www.ncbi.nlm.nih.gov/pubmed/16150152
http://doi.org/10.17660/ActaHortic.2009.811.23
http://doi.org/10.1016/j.jff.2017.06.019

Nutrients 2022, 14, 1132 21 of 21

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

Vauzour, D.; Rodriguez-Mateos, A.; Corona, G.; Oruna-Concha, M.].; Spencer, ].P. Polyphenols and human health: Prevention of
disease and mechanisms of action. Nutrients 2010, 2, 1106-1131. [CrossRef]

Andrade, C. Fruit juice, organic anion transporting polypeptides, and drug interactions in psychiatry. J. Clin. Psychiatry 2014,
75, e€1323-e1325. [CrossRef] [PubMed]

Kao, Y.-L.; Kuo, Y.-M.; Lee, Y.-R;; Yang, S.-F,; Chen, W.-R.; Lee, H.-]. Apple polyphenol induces cell apoptosis, cell cycle arrest at
G2/M phase, and mitotic catastrophe in human bladder transitional carcinoma cells. J. Funct. Foods 2015, 14, 384-394. [CrossRef]
Shoji, T.; Akazome, Y.; Kanda, T.; Ikeda, M. The toxicology and safety of apple polyphenol extract. Food Chem Toxicol. 2004,
42,959-967. [CrossRef]

Candé, C.; Cohen, I; Daugas, E.; Ravagnan, L.; Larochette, N.; Zamzami, N.; Kroemer, G. Apoptosis-inducing factor (AIF): A
novel caspase-independent death effector released from mitochondria. Biochimie 2002, 84, 215-222. [CrossRef]

Malumbres, M.; Barbacid, M. Cell cycle, CDKs and cancer: A changing paradigm. Nat. Rev. Cancer 2009, 9, 153-166. [CrossRef]
[PubMed]

Mailand, N.; Gibbs-Seymour, I.; Bekker-Jensen, S. Regulation of PCNA-protein interactions for genome stability. Nat. Rev. Mol.
Cell Biol. 2013, 14, 269-282. [CrossRef] [PubMed]

Chau, L.Y. Heme oxygenase-1: Emerging target of cancer therapy. J. Biomed. Sci. 2015, 22, 22. [CrossRef]

Biichner, F.L.; Bueno-de-Mesquita, H.B.; Ros, M.M.; Kampman, E.; Egevad, L.; Overvad, K.; Raaschou-Nielsen, O.; Tjonneland,
A.; Roswall, N.; Clavel-Chapelon, F; et al. Consumption of vegetables and fruit and the risk of bladder cancer in the European
Prospective Investigation into Cancer and Nutrition. Int. J. Cancer 2009, 125, 2643-2651. [CrossRef]

Sacerdote, C.; Matullo, G.; Polidoro, S.; Gamberini, S.; Piazza, A.; Karagas, M.R.; Rolle, L.; De Stefanis, P.; Casetta, G.; Morabito, E;
et al. Intake of fruits and vegetables and polymorphisms in DNA repair genes in bladder cancer. Mutagenesis 2007, 22, 281-285.
[CrossRef] [PubMed]


http://doi.org/10.3390/nu2111106
http://doi.org/10.4088/JCP.14f09572
http://www.ncbi.nlm.nih.gov/pubmed/25470100
http://doi.org/10.1016/j.jff.2015.02.002
http://doi.org/10.1016/j.fct.2004.02.008
http://doi.org/10.1016/S0300-9084(02)01374-3
http://doi.org/10.1038/nrc2602
http://www.ncbi.nlm.nih.gov/pubmed/19238148
http://doi.org/10.1038/nrm3562
http://www.ncbi.nlm.nih.gov/pubmed/23594953
http://doi.org/10.1186/s12929-015-0128-0
http://doi.org/10.1002/ijc.24582
http://doi.org/10.1093/mutage/gem014
http://www.ncbi.nlm.nih.gov/pubmed/17515441

	Introduction 
	Pomegranate 
	Pomegranate—Basic Information 
	Pomegranate in Bladder Cancer Prevention 

	Cranberry 
	Cranberry—Basic Information 
	Cranberry in Bladder Cancer Prevention 

	Citrus 
	Citrus—Basic Information 
	Citrus in Bladder Cancer Prevention 

	Cactus Pear 
	Cactus Pear—Basic Information 
	Cactus Pear in Bladder Cancer Prevention 

	Apple 
	Apple—Basic Information 
	Apple in Bladder Cancer Prevention 

	Conclusions 
	References

